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INTRODUCTION 

The original concept of the electrocardiographic manifestations of 
bundle branch interruption, as dei eloped by Eppinger and Rothberger ^ 
(1910) and confirmed by Rothberger and Winterberg ^ ( 1913 ), Lewis ® 
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(1916), Wilson and Hermann < (1921) and others, has been attacked 
in the past few yeais to the extent that the term right bundle branch 
block has been changed to left bundle branch block and vice versa The 
mam mass of evidence in favor of the original concept was accumulated 
as the result of experiments on animals, mainly dogs, in which intei- 
ruption of part or all of one or the other bundle branch, usually by 
surgical section, was produced in a noimal heart The diagnosis of 
bundle branch block was then applied to conditions studied m the clinic 
in which the electrocardiograms resembled those made experimentally 

RESULTS or PHYSIOLOGIC EXPERIMENTS ON BUNDLE BRANCH BLOCK 

When a bundle branch is cut artificially there results an increased 
amplitude of the ventricular deflections, a pieponderance of the ven- 
tricle containing the nonmutdated bundle branch, an increased spread 
of 0 03 to 0 04 second m the QRS complex, with notching of that 
complex, and opposition in direction of the T wave to that of the mam 
ventricular complex There is a difference, however, between the elec- 
trocardiographic picture pioduced by section of a bundle branch m 
the dog and the electrocardiographic picture assumed by analogy to 
represent pathologic interruption of the bundle branch m the human 
heait In the dog the chief initial deflections are usually m the same 
direction m the thiee conventional leads, and the experimental picture 
is termed concordant In man, however, the electrocardiographic pic- 
ture which typifies bundle bianch block is usually of the discordant 
form, 1 e , if the chief initial complex is upright in lead I, it is down 
111 lead III, whereas in lead II it may be upright, down or biphasic 
This difference is explained by the difteiences m the anatomic course 
of the left bundle bianch, the axis and position of the heart, the shape 
of the heart and the thickness of the two ventricles 

In man the criteria established by Carter ® ( 1914) foi the diagnosis 
of bundle branch block were as follows (1) widening of the QRS 
complex beyond 01 second, with notching, (2) pieponderance of the 
ventricle with a healthy bundle branch, i e , light or left axis deviation, 
as the case might be, or, in other words, the dexti ocai diogram with left 
bundle branch block and the levocardiogram with right bundle bianch 
block, (3) exaggeration of the amplitude of the lentricular deflections 
(QRS and T) , (4) the T wave directed oppositely to the initial ventric- 
ular deflection If the initial ventiicular deflection was upright m lead I 

4 Wilson, F N , and Hermann, G R An Experimental Study of Incomplete 
Bundle-Branch Block and of the Refractory Period of the Heart of the Dog, 
Heart 8 229, 1921 

5 Carter, E P Clinical Observations on Defective Conduction in the 
Branches of the Auriculoventncular Bundle A Report of Twenty-Two Cases 
in Which Aberrant Beats Were Obtained, Arch Int Med 13 803 (May) 1914 
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and downwardly directed in lead III, right bundle branch block was 
assumed to exist, if it was down in lead I and upright m lead III, 
left bundle bianch block was piedicated The former was much more 
commonly obseived in studies of patients than the latter This concept 
was m perfect accord with contempoiaiy concepts of ventricular pre- 
ponderance and premature conti actions 

As eail}'’ as 1920, ho\\evei, Fahi,® on puiely theoretic giounds, 
expressed doubt as to the validity of the inteipretation of bundle 
blanch block, as well as the cuives indicating ventricular pieponder- 
ance, and suggested that the teims light and left should probably be 
mtei changed The same yeai Oppenheimer and Pardee" stated that 
the} found the interrupting lesion m the bianch opposite the one antici- 
pated Avhen they examined two hearts histologically 

In 1930 more serious doubt began to develop in America regarding 
the accuracy of mteipietation as to which is the levocai diogram and 
which IS the dextiocardiogram in the case of the human being when 
Barker, Macleod and Alexander ® published curves exactly opposite to 
those previously obtained for animals These wi iters weie able by a 
fortunate circumstance to make electrocai diograms of extrasystoles 
(ectopic contractions) produced b} stimulating directly the exposed 
heart of a human subject Wilson and these original investigators® 
suggested that the common type of bundle branch block (formerly 
called right bundle bianch block) is m reality due to obstruction of 
the excitation wave along the left bundle branch, whereas the unusual 
variety (the reverse picture electrocardiogiaphically) is due to a block 
of the right bundle branch 

Later, Margin and Oughteison^® (1932) and Vander Veer “ 
(1933) made similar obseivations on exposed human hearts and in 
general confirmed the results However, Lundy and Bacon (1933), 

6 Fahr, G An Anabasis of the Spread of the Excitation Wa\e m the Human 
Ventricle, Arch Int Med 25 146 (Feb ) 1920 

7 Oppenheimer, B S , and Pardee, H E B The Site of the Cardiac Lesion 
in Two Instances of Intraventricular Heart Block, Proc Soc Exper Biol & 
Med 17 177, 1920 

8 Barker, P S , Macleod, A G , and Alexander, J The Excitatory Process 
Observed in the Exposed Human Heart, Am Heart J 5 720, 1930 

9 Wilson, F N , Macleod, A G, and Barker, P S The Order of Ven- 
tricular Excitation in Human Bundle-Branch Block, Am Heart J 7 305, 1932 

10 Marvin, H M , and Oughterson, A W The Form of Premature Beats 
Resulting from Direct Stimulation of the Human Ventricles, Am Heart J 7 471, 

1932 

11 Vander Veer, J B Premature Beats Produced by the Mechanical Stimu- 
lation of the Exposed Human Heart, Am Heart J 8 807, 1933 

12 Lundy, C J', and Bacon, C M Premature Left Ventricular Beats from 
Electrical Stimulation of Exposed Human Heart, Arch Int Med 52 30 (July) 

1933 
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in the same type of experiments, found that when the apical legion of 
the left ventiicle was stimulated the exti asystoles confiimed the nen 
conception but that when the basal region of the left ventiicle was 
stimulated the inajoi deflection was upiight in lead I Also, Prinz- 
metal, Oppenheimei and Dack^=* (1937), stimulating electrically the 
upper lateial legion of the left ventiicle of the exposed heart of a 
patient with constnctue peiicaiditis whose electi ocai diogi ams showed 
right axis deviation due to displacement of the right ventiicle foiward 
and to the left, obtained extrasystoles with a small upiight mam com- 
plex 111 lead I and a laige upright main complex in lead III, wheieas, 
aftei closure, when they tapped the thin thoracic wall oieil}ing the 
light ventiicle at foui diffeient points, they found the main ventnculai 
deflection of the resulting exti asystoles inverted in lead I and upiight 
in lead III in 3 instances and the levcise in the fourth instance These 
authors concluded that the new conception can he safely applied only 
m the presence of a normal electi ic axis or of left axis deviation They 
weie aided m this belief by expeiimental woik perfoimed on cats b)'- 
Abiamson and Weinstein (1936), who showed that the diiection of 
the major ventnculai complex in lead I changes at a line of transition 
which does not strictly divide the left fiom the right ventiicle and that 
a shift in this line of tiansition occuis with lotation of the heart and 
alteiation of the electric axis 

Wilson, Macleod and Barker® (1932) soon foitified the new teiini- 
nology which had been pioposed by using semidirect leads for dogs 
in which one or the other bundle bianch had been severed and by stim- 
ulating the ventiicles separately with an exploring needle held close 
to the surface 

About the same time Roberts, Ciawford, Abiamson and Cat dwell 
(1932), in expel iinents in which they divided the bundle branches in 
cat hearts, obtained both concoidant and discoidant cuives in which 
when the right bundle branch was cut the chief initial deflection was 
downward in both types, but in lead III the deflection was upward in 
the discordant type After the left bundle bianch was cut, exactly 
opposite results weie obtained These results indicated to them that 
the impoitant lead to study for detei mining the location of the lesion 
IS lead I 

13 Prinzmetal, M , Oppenheimer, B S, and Back, S Localization of Ven- 
tricular Extrasystoles in a Human Heart with Right Axis Deviation, JAMA 
108 620 (Feb 20) 1937 

14 Abramson, D I, and Weinstein, J A Basis for the Analysis of Varia- 
tions in the Form of Electrocardiographic Curves Resulting from Experimental 
Premature Contractions, Am J Physiol 115 569, 1936 

15 Roberts, G H , Crawford, J H , Abramson, D I , and Cardwell, J C 
Experimental Bundle-Branch Block in the Cat, Am Heart J 7 505, 1932 
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B}- means of a method of analyzing the electrocai diogram by a 
fusion of the three leads into a single cuive, oi monocardiogiam, 
Mann (1931) was able to show that with light bundle branch block 
the electiocaidiogiam has an inveited mam deflection in lead I, while 
with left bundle bianch block the mam deflection is upiight m lead I 
As eaily as 1920 Mann had concluded that the oiigmal terminology 
for bundle bianch block was incoiiect 

In human beings for whom a diagnosis of bundle bianch block had 
been made, Nichol (1933) found that in instances m which the chief 
initial deflection was up m lead I and down m lead III (right bundle 
bianch block, original teimmology) the subclavian pulse was definitely 
dela}ed, and he concluded that the curves leally signified left bundle 
bianch block 

By means of serial piecoidial leads Wilson, Johnston, Hill, Macleod 
and Baiker^'’ (1934), foi patients Avho showed electrocai diographic 
curves which vere foimerly said to typify left bundle branch block, 
obtained cun^es m which the lead fiom the right side of the precordium 
showed a late chief upstioke, whereas the lead from the left side of 
the precordium showed an eaily chief upstroke appi oximately synchro- 
nous with the peak of R in lead I These curves were strikingly similai 
to those which they obtained by the same method of leading after 
section of the right bundle bianch in dogs 

Wolferth and Margohes (1935), by studying giaphically the 
time relations of various events associated with light and left ventric- 
ular contraction shown by a senes of patients whose electrocai diograms 
conformed iigidl}'’ to accepted catena foi the common type of bundle 
branch block, found that ejection fiom the left ventricle was signifi- 
cantly delayed Checking the methods employed by Wolferth and his 
co-workers, Katz, Landt and Bohnmg (1935) urged caution m diaw- 

16 Mann, H Interpretation ol Bundle-Branch Block by Means of the 

Monocardiogram, Am Heart I 6 447, 1931 

17 Mann, H A Alethod of Analyzing the Electrocardiogram, Arch Int 
Med 25 283 (March) 1920 

18 Nichol, A D The Interpretation of Lead Inversion in Bundle-Branch 
Block, Am Heart J 9 72, 1933 

19 Wilson, F N , and others The Significance of Electrocardiograms Charac- 
terized by an Abnormally Long QRS Interval and by Broad S-Deflections m 
Lead I, Am Heart J 9 459, 1934 

20 Wolferth, C C, and Margolies, A Asynchronism in Contraction of the 
Ventricles m the So-Called Common Type of Bundle-Branch Block Its Bearing 
on the Determination of the Side of the Significant Lesion and on the Mechanism 
of Split First and Second Heart Sounds, Am Heart J 10 425, 1935 

21 Katz, L N , Landt, H , and Bohning, A The Delay m the Onset of 
Ejection of the Left Ventricle in Bundle-Branch Block, Am Heart J 10 681 
1935 
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ing sucli definite conclusions and pointed out that an interval of more 
than 0 18 second from the beginning of the QRS complex to the onset 
of ejection of the left ventricle, as given the rise of the subclavian 
arterial pulse, suggests the probable presence of delay oi obstruction 
of the impulse along the left bundle branch but does not exclude the 
simultaneous presence of depression of function of the right bundle 
branch The} concluded that the direction of the QRS complex is 
determined by other factors besides the block and cannot be used to 
locate the bundle branch involved in cases of intraventiicular block 
They suggested describing intraventricular block as (1) a common 
bundle branch type, (2) an uncommon bundle branch type or (3) an 
indeteiminate type 

Kountz, Prinzmetal, Pearson and Koenig" (1935) cut the bundle 
branches of revived human hearts and found that a lesion of the right 
bundle branch was characteiized by a deflection that was downward 
in lead I and upward in lead III, and that section of the left bundle 
blanch produced the opposite picture Also, with the heart in noiinal 
position they found that extras} stoles weie similar to those described 
by Barker, Macleod and Alexander 

By aitificial stimulation of the endocardium of the ventiicles of 
the dog, Marcou (1936) regularly produced extrasystoles with images 
the leverse of those originally designated as showing premature con- 
ti actions of the left and light ventiicles, usually the cuives were of 
the discoidant type, but occasionally they were of the concordant type 
of Rothberger and Winterberg 

Because of the mass of experimental evidence that has accumulated, 
most American cardiologists have accepted the new terminology for 
the classic electrocardiographic curves designated as typical of bundle 
branch block There aie still, however, many types of electi ocai dio- 
graphic curves suggestive of bundle branch block but not typical of 
eithei classic left or classic right branch block These undoubtedly 
repiesent instances of inti aventricular block, but the exact mechanism 
of then production and the pathogenic factors are in doubt 

Apparently most Euiopean cardiologists still use the oiiginal termi- 
nology Rothberger has been the main champion of this school of 

22 Kountz, W B , Prinzmetal, M , Pearson, E F, and Koenig, K F The 
Effect of Position of the Heart on the Electrocardiogram I The Electrocardio- 
gram m Revived Perfused Human Hearts m Normal Position, Am Heart J 
10 60S, 1935 

23 Marcou, I Experimental Extrasystoles Elicited Through Artificial Stim- 
ulation of the Endocardium of the Dog, Am Heart J 12 301, 1936 

24 Rothberger, C J, and Winterberg, H Experimentelle Beitrage zur 
Kenntms der Reizleitungsstorungen m den Kammern des Saugetierherzens, Ztschr 
f d ges exper Med 5 264, 1916 

25 Rothberger, C J Zur Diagnose des Schenkelblocks, Ztschr f khn Med 
123 460, 1933 
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thought In 1933 he published an extensive disseitation on the subject 
in vhich as a lesult of numcious animal experiments and with the aid 
ot .Mahaims histologic studies he defended the oiigmal concept 
HowcAcr he stated that the onl} way to settle the question to the satis- 
'^action of all is b} means of expeit, systematic histologic studies of 
the entire conduction s}slcm of the heaits of patients whose electro- 
caidiogiams showed CMdence of bundle branch block 

Tvrns or clrmis disigx\tcd bv \ \rious authors as indicating 

INTR WrXTRICLL \R \ND BUNDLE BRANCH BLOCK 

Confusion exists with refeience to the exact significance of vaiious 
alien ant forms of the ^entIlcular complex, although most of them aie 
assumed to be due to intia\entiiculai block In 1911 Lewis"" called 
attention to anomalous eicctiic complexes accompan}ing the ventiicular 
contractions of piemature beats aiismg in the auiicle m some cases 
He said he considered these changes due to distuibances of conduction 
in the smallei blanches of the conduction system and called the anom-‘ 
alous beats abeirant He stated. “Theie seems every piospect that, 
if this h}pothesis be coricct, it will be possible ultimately to identify 
lesion'^ which afiect not onh the main dnisions but the smallei branches 
of the aunculo-\entriculai bundle The products of asphyxia 

piobabl} act m a selectne mannei upon the special tissues wdiich serve 
the function of conducting impulses fiom amide to ventiicle’’ In 
1912 [Mathew son rcpoited 4 cases in human beings of bundle branch 
block conforming to the criteria established b}' Cartel ° foi this condi- 
tion m 1914, when he leported 22 cases Since that time numerous 
reMews of senes of cases liaAC been published, which wnll be biiefly 
discussed later The cnteiia established by Caiter, aheady noted, w^ere 
w'ldely accepted and lemained foi many years the basis of the clinical 
diagnosis of bundle bianch block 

In 1917 Oppenheimei and Rothschild"'’ desciibed an electrocardio- 
giaphic cune of a diffeient kind wdiich they attributed to defects in 
intraventricular conduction clue piobahl), in their opinion, to lesions 
of the finer ramifications of the conduction system, especially in the 
left ventricle They coined the teim aiborization block In this curve 
theie IS low^ lather than laige amplitude of the ventiiculai complex, and 

26 ^tahaim, I Les maladies organiques du faisceau de His-Tawara, Pans, 
Masson & Cie, 1931 

27 Lewis, T Observations upon Disorders of the Heart’s Action, Heart 3 
279, 1911 

28 Matbewson, G D Lesions of the Branches of the Auriculo-Ventricular 
Bundle, Heart 4 385, 1912 

29 Oppenheimer, B S , and Rothschild, M A Electrocardiographic Changes 
Associated with Myocardial Involvement, J A M A 69 429 (Aug 11) 1917 
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theie IS inci eased duration of the QRS complex, which is sluired or 
notched in its main deflection, while theie is no constant directional 
1 elation between the QRS complex and the T wave There were many 
adheients to this conception, but latterly the idea has been abandoned 
by most workeis, and the exact anatomic cause of such conduction 
distui bailees lemains unsettled In 1919 Willius lepoited under the 
title “Aiborization Block” a senes of 138 cases in which this type of 
cuive was obtained, but seveial years latei he stated that he had con- 
cluded that the use of this anatomic teim is not justified 

In 1919 Wedd discussed the clinical significance of slight notch- 
ing of the R wave as observed in 30 cases He said he believed this 
change to be due to myocardial disease with defective conduction 
Willius (1920) said he consideied notching and slurring of the QRS 
complex in isolated derivations of the electrocaidiogiam to be graphic 
entities probably indicative of local disordeis of the ventricular myo- 
cardium affecting the conduction system 

In a classic paper entitled “Bundle Branch Block and Aiboiization 
Block,” Wilson and Herrmann,®^ in 1920, on the basis of animal experi- 
ments and clinical studies said the}' had concluded that “complete bundle 
branch block pioduces characteristic changes m the foim of the ventric- 
ular complex both in animals and in man ” They said they considered 
Carter’s criteria correct for man They concluded further, however, 
as follows “Delayed conduction of the impulse through the blanches 
of the His bundle (incomplete bundle branch block) produces ventric- 
ular complexes which are transitional m form between the normal ven- 
tricular complex and complexes characteristic of complete bundle 
branch block ” At the same time they found little experimental evidence 
to indicate that lesions of the subdivisions of the bundle branches or 
then arborizations are the cause of “arborization block ” 

From 1920 to 1930 little was accomplished in the fuitherance of 
fundamental knowledge concerning disturbances of intraventricular 
conduction, although many fine articles were published on the clinical 
significance of the electrocardiographic curves described in the earlier 
yeais As previously mentioned, there was no unanimity of opinion 
even in this period concerning the question of right and left as applied 
to curves in cases of bundle branch block The experiments, in 1930, 

30 Willius, F A Arborization Block, Arch Int Med 23 431 (April) 1919 

31 Wedd, A M The Clinical Significance of Slight Notching of the R-Wave 
of the Electrocardiogram, Arch Int Med 23 515 (April) 1919 

32 Willius, F A Observations on Changes in Form of the Initial Ventnculai 
Complex in Isolated Derivations of the Human Electrocardiogram, Arch Int Med 
25 550 (May) 1920 

33 Wilson, F N , and Herrmann, G R Bundle Branch Block and Arboriza- 
tion Block, Arch Int Med 26 153 (Aug ) 1920 
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of Baikei, Macleod and Alexander on the excitatoiy process observed 
in the exposed human heait stimulated gieatei effoit to obtain more 
exact knowledge of conduction distuibances 

In 1931 Wilson, Macleod and Barker attempted by analytic 
methods to show that the view of the aforementioned investigators 
that so-called right bianch block was left branch block and vice veisa 
was not necessaiily in conflict with the hypothesis that the electric axis 
at a given instant points in the aveiage direction in which the excitation 
piocess IS spieadmg at the moment “Both the dextrocaidiogram and 
the levocardiogiam, canine and human, aie dominated by electrical 
eftects pioduced b}" the ventnculai septum Piepondeiant hypertrophy 
of one ^entrlcle inci eases the magnitude of the electrical effects pro- 
duced by the opposite ventricle by inci easing the mass of its septal 
wall without altering its latei al wall ” 

In 1932 Wilson, Macleod and Barker ° showed that the order in 
which in human beings the two ventiicles pass into the excited state m 
bundle branch block can be detei mined by means of serial piecordial 
leads These piecoidial leads are so taken that relative negativity of 
the exploiing electrode produces an upward deflection The chief 
upstroke signals the airnal of the excitation process at the epicardial 
surface of the subjacent portions of the ventricular wall In cases 
of bundle branch block the upstroke is early when the exploiing elec- 
trode IS placed over the contralateral ventricle and late when it is placed 
OA er the homolateral ventricle The time of the chief upstroke is mea- 
sured with reference to the fiist ventiicular deflection in lead I, which 
IS taken simultaneously with each precoidial lead In cases m which 
the standard electrocardiograms exhibit all the featuies regarded char- 
acteristic of bundle branch block of the less common variety, the chief 
upstroke is early with leads from the left side of the precordium and 
late with leads from the right side Later, the authors used a modifi- 
cation of their original method to study the electrocardiographic changes 
produced by high grade intraventricular block which did not display 
all the characteristics generally considered necessary for the diagnosis 
of bundle branch block Their first study (1934) was concerned 
with an attempt to locate the conduction defect responsible for curves 
of the standard electrocardiogram with a QRS interval measuring 0 12 
second or more, a narrow R deflection and a broad S deflection in lead 
I, a narrow Q oi S deflection synchronous with R in lead I, and a 

34 Wilson, F N , Macleod, A G, and Barker, P S The Interpretation of 
the Initial Deflections of the Ventricular Complex of the Electrocardiogram, Am 
Heart J 6 637, 1931 

35 Wilson, F N , Johnston, F D , Macleod, A G, and Barker, P S 
Electrocardiograms That Represent the Potential Variations of a Single Electrode, 
Am Heart J 9 447, 1934 
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bioad upward deflection synchronous with S m the same lead This 
cuive ordinarily might be considered as indicative of bundle branch 
block of the rare type The precordial leads fiom the right side of 
the precordium showed a late chief upstioke, while those from the left 
side showed an early chief upstroke, appi oximately synchronous with 
the peak of R m lead I The curves were strikingly similar to those 
obtained by the same method of leading after section of the right 
branch of the bundle of His m dogs They concluded therefore that 
these not uncommon curves represented right bundle branch block m 
man 

The same year (1934) Wilson, Johnston and Barker®® studied 
similarly 3 patients who presented curves of a less common type, in 
which 111 lead I all the ventiicular deflections were small, with a con- 
spicuous S deflection and a usually flat or upright T wave, while in 
leads II and III the ventricular deflections weie similar in all respects 
to those seen in cases of bundle branch block of the left, or common, 
variety With the precordial lead the ventricular complex was found 
to be like those for dogs with right branch block and for patients with 
a diphasic ventricular complex of the rare type They concluded that 
these curves represented right bundle branch block and that some addi- 
tional factor might modify the form of the electrocardiogram They 
pointed out that Mahaim had studied histologically a case in which 
there was a similar electrocai diogram and had found, as the result of 
an infarct on the anterior and septal wall of the left ventricle, lesions 
interrupting the right branch and the anteiioi division of the left 
branch ®’ In figures 63, 72 , 89 , 95 and 100 of Mahaim’s book the cur\es 
also showed a conspicuous S deflection in lead I, quite different from 
curves usually attributed to left bundle branch block 

Broivn (1936), from a study of esophageal and precordial leads, 
concluded that the common type of bundle branch block is the left, 
that bundle branch block does not necessarily give rise to “opposing 
T waves” and that right bundle branch block may be present in cases 
in which theie are conventional curves of the common type and there- 
fore likely occurs more often than is usually admitted under the new 
terminology Tivo cases of the common type were probably of a 
“mixed” or “partial” variety “Interpi etations lelying only on the 
basis of the directions of the main deflections in standard leads 1 and 

36 Wilson, F N , Johnston, F D , and Barker, P S Electrocardiograms of 
an Unusual Type in Right Bundle-Branch Block, Am Heart J 9 472, 1934 

37 Mahaim, observation VI on page 242 

38 Brown, W H A Study of the Esophageal Lead in Clinical Electro- 
cardiography I The Application of the Esophageal Lead to the Human Subject 
with Observations on the Ta-Wave, Extrasystoles and Bundle-Branch Block, Am 
Heart J 12 1, 1936 
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3 are not always leliable in indicating the site of the responsible lesion 
in bundle branch block ” The curves of ventricular extrasystoles sup- 
poited the work also of the Wilson school 

Graybiel and Sprague/® in analyzing 395 cases of bundle branch 
block in 1933, outlined a classification, based purely on types of clinical 
curves 

1 (A) Left bundle branch block — homopbasjc type, in which the curves fulfil 
all the criteria of complete left bundle branch block [new terminology] except 
that the T wave and the QRS complex are similarly directed in lead I (26 cases) 

1 (B) Left bundle branch block — heterophasic type, in which the curves fulfil 
all the classic criteria of complete left bundle branch block (99 cases) 

2 Right bundle branch block — heterophasic type, in which the curves fulfil all 
the classic criteria of right bundle branch block (there was no instance of the 
homophasic t 3 'pe m the 29 cases) 

3 Bundle branch block — indeterminate tjpe, m which the T wave is often but 
not alwaj's oppositeb’’ directed to the QRS complex and the QRS complex is 
often similarlj’^ directed m leads I and III (81 cases) 

4 Significant aberration of the lentricular complex (probably indicating slight 
degrees of intraientricular bundle branch block), m which the QRS w'ave ’s 
usually slurred and notched but its duration is slightly if at all prolonged and in 
w'hich the direction of the T wave is variable (160 cases) 

These authors excluded cases of maiked axis deviation, which often 
gnes curves resembling bundle branch block, and cases of so-called 
functional bundle branch block 

Bayle} (1934), following Wilson’s school, classified the curves 
obtained in 70 cases of light bundle branch block as folloivs 

Group 1 These curves are obtained in cases of bundle branch block of the less 
common t 3 'pe, corresponding to group II of Graybiel and Sprague (14 cases) 

Group 2 These curves are similar to those of group 1 except that m lead I the 
amplitude of the R spike is greater than that of the S deflection (23 cases) 

Group 3 These curves show" in lead I a ventricular complex similar in all 
respects to that m group 2, but m lead III the most conspicuous QRS deflection 
IS a slender deep inverted spike, usually preceded b 3 " a small summit and invariabb" 
followed by a broad summit, the amplitude of this last deflection being less than 
that of the inverted spike (28 cases) 

Group 4 In lead III of these curves the initial deflection is a small summit, 
W'hich IS followed, as in the curves in group 3, by a deep inverted spike At its 
apex the inverted spike is narrow, but the ascending limb, after rising sharpb", 
usually shows a pronounced notch, beyond which its ascent is gradual The base 
of the inverted spike is therefore greatly broadened In some instances this broad 
upward movement m lead III is absent, and the ascending limb returns quickb’’ to 
the base line and does not leave it during the remainder of the QRS interval 


39 Graybiel, A , and Sprague, H B Bundle Branch Block An Analysis of 
Three Hundred and Ninety-Five Cases, Am J M Sc 185 395, 1933 

40 Bayley, R H The Frequency and Significance of Right Bundle-Branch 
Block, Am J M Sc 188 236, 1934 
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The distinguishing feature of these curves is the absence of a broad upstroke at 
the end of the QRS interval in lead III In lead I the QRS deflection is similar 
to that of groups 2 and 3, except that R is usually taller and broader and S less 
conspicuous T is usually upright Some of the curves of groups 3 and 4 might 
easil}’^ be confused with those that represent left bundle branch block, from which 
they may be differentiated by the presence of a conspicuous and broad S m lead I 

In Bayley s senes there were only 103 cases of left bundle branch 
block, as compared with these 70 designated as representing right 
bundle blanch block, a ratio indicating that right bundle branch block 
is far more common than had been supposed 

Edeiken and Wolferth^^ called attention, m 1934, to the clinical 
significance of the M-shaped or W-shaped QRS complex m lead II of 
the electrocardiogram, which they said is due probably to an abnor- 
mality of intratfentncular conduction as a result of myocardial disease 
The amplitude of the QRS complex in lead II does not exceed 5 mm 
All the components of the complex are above the base line in the 
M-shaped complex and below the base line in the W-shaped complex 
Occasionall}'^ there is a deflection either preceding or following the 
M-shaped or W-shaped part of the complex, opposite in direction to 
its associated M-shaped or W-shaped component The duration of the 
M-shaped oi the W-shaped part is at least 008 second 

Von Deesten and Dolganos,"*- m 1934, described a form of atypical 
bundle branch block with a favoiable prognosis, characterized by (1) 
a prolonged QRS complex, (2) an R wave in lead I of moderate ampli- 
tude and short duration followed by a prolonged notched S wave of 
smaller amplitude, (3) an upright T wave in leads I and II, (4) a 
downwaid directed initial phase of the QRS complex in lead III, 
returning quickly to above the iso-electric line, where the curve is 
notched and prolonged, with the T wave in lead III directed downward, 
and (5) a QRS complex in lead II similar in most instances to that 
in lead I except for a lower amplitude They stated that the localiza- 
tion of the lesion causing these curves is uncertain 

Wolferth and Wood (1933) and later Roberts and Abramson^* 
(1936) discussed electrocardiographic curves with a ventriculai com- 

41 Edeiken, J , and Wolferth, C C Clinical Significance of the M- or W- 
Shaped QRS Complex in Lead II of the Electrocardiogram, Am J M Sc 188 
842, 1934 

42 von Deesten, H T, and Dolganos, M Atypical Bundle-Branch Block 
with a Favorable Prognosis, Am J M Sc 188 231, 1934 

43 Wolferth, C C, and Wood, F C The Mechanism of Production of 
Short P-R Intervals and Prolonged QRS Complexes in Patients with Piesumably 
Undamaged Hearts Hypothesis of an Accessory Pathway of Aunculoventncular 
Conduction (Bundle of Kent), Am Heart J 8 297, 1933 

44 Roberts, G H , and Abramson, D I Ventricular Complexes of the 
Bundle-Branch Block Type Associated with Short P-R Intervals, Ann Int Med 
9 983, 1936 
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plcx typical of the bundle biancli block associated with a short PR 
inter\al, similar to the curves m cases previously desciibed by Wilson , 
W'edd^“, HambuigeW", Pezzi Wolft, Parkinson and White/'’ 
and Holzmann and Scheif'”’ In some instances factois pioducmg 
inhibition of \agal influences or the admmistiation of quimdme bi ought 
about a tiansition to normal One theory for this mechanism is that 
an accessory path\\ay of amiculoventriculai conduetion, such as that 
described b^ Kent between the light amide and the light ventiicle, 
might exist m these cases and peimit an actual acceleration of the 
passage of the impulse from the auricle to a section of the ventricle 

REVIEW or CLINICAL STLDIES OF PERMANENT BUNDLE 

BRANCH BLOCK °- 

A number of studies of senes of clinical cases of bundle bianch 
block have been made since 1912 In that year Mathewson reported 
4 cases, 3 of left bundle branch block and 1 of right bundle branch 
block In the last case the impairment of conduction was functional 
rather than permanent, since the form of the cuive changed in the 
same 'electrocardiogram Carter s ® report in 1914 included 22 cases 
and indicated the frequency of left bundle bianch block as compared 
iMth that of right bundle branch block, of which theie was only 1 case 
in the series There was a large incidence of aortic valvular disease, 
and the serious prognosis regarding the conduction defect was sug- 
gested Carter pointed out the fiequeiit association of impaired auric- 
uloventricular conduction, stating that the junctional tissues as a whole 
have special pathologic propensities The cases fulfilled the rigid cri- 

45 Wilson, F N A Case in Which the Vagus Influenced the Foim of the 
Ventricular Complex of the Electrocardiogram, Arch Int Med 16 1008 (Dec ) 
1915 

46 Wedd, A M Paroxjsmal Tachycardia, Arch Int Med 27 571 (May) 
1921 

47 Hamburger, W W Bundle-Branch Block, M Clin North America 13 
343, 1929 

48 Pezzi, C Considerations pathogeniques sur quelques cas de rhythme septal 
et paraseptal permanents. Arch d mal du coeur 24 1, 1931 

49 Wolff, L , Parkinson, J , and White, P D Bundle-Branch Block with 
Short P-R Interval in Healthy Young People Prone to Paroxysmal Tachycardia, 
Am Heart J 5 685, 1930 

50 Holzmann, M , and Scherf, D Ueber Elektrokardiogramme mit verkurzter 
Vorhof-Kammer-Distanz und positiven P-Zacken, Ztschr f klm Med 121 404, 
1932 

51 Kent, A F S Observations on the Aunculo-Ventncular Junction of the 
Mammalian Heart, Quart J Exper Physiol 7 193, 1914 

• 52 The new terminology of bundle branch block is used throughout this article, 
even when the author quoted used the old terminolog}' 
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teria he established but which in 1918 he®® modified somewhat to 
include cases m which theie was low voltage as indicating involvement 
of both branches or their arborizations In bringing foith their con- 
cept of “arborization block,” m 1917, Oppenheimer and Rothschild®® 
reported a series of 14 cases, with necropsies, showing that the curves 
described usually indicated extensive chronic degenerative changes of 
the myocardium associated wuth a serious prognosis Willius (1919) 
collected leports of 138 similar cases, in 69 6 per cent of which death 
occurred within an average of eight and a half months In this series 
chionic endocarditis w^as diagnosed in 35 5 per cent of the cases and 
exophthalmic goiter in 5 cases, the remainder of the conditions belong- 
ing to the so-called degenerative group 

Herrick and Smith (1922) published a study of 35 cases of 
bundle branch block, of which 32 fulfilled criteria of left branch inter- 
ruption Only 6 patients were under 50 years of age All the patients 
had symptoms and physical signs of cardiac weakness (severe m 17) 
Only 1 patient had definite chronic valvular disease, although 10 had 
had rheumatic fever Eleven patients died within eighteen months 
In 1 case the QRS complex changed from moderate amplitude with 
large notching to laige amplitude with slight notching as the conges- 
tive failure advanced, and changes from typical bundle branch block 
to a more normal complex occurred as the patient improved Six 
patients had impaired aui iculoventnculai conduction, and 5 had auric- 
ular fibi illation 

White and Viko (1923) found recoids of 130 cases of mtraven- 
tiicular block among 3,219 cases m which electrocardiograms were 
made In 41 cases there w^as the so-called complete type of bundle 
branch block, in the others there w^as abei ration of the ventricular 
complex The “complete” type was shown by 34 males and 7 females, 
and only 2 were under 40 years of age, the average age being 60 years 
In 40 cases there w^as left bundle branch block The etiologic factor 
was thought to be aitenosclerosis in 33 cases, rheumatic fever in 4 
cases and syphilis in 3 cases Angina pectoris occuried m 8 cases and 
congestive failure in 23 Hypertension w^as found m 24 cases In 14 
cases auriculoventncular block also was present, being complete in 2 
Auricular fibrillation coexisted in 7 cases Thirteen of the patients 
died of heart failure wuthin one year The data relating to the cases 

53 Carter, E P Further Observations on the Aberrant Electrocardiogram 
Associated with Sclerosis of the Atrioventricular Bundle Branches and Their 
Terminal Arborizations, Arch Int Med 22 331 (Sept ) 1918 

54 Herrick, J B , and Smith, F M Clinical Observations on a Block of the 

Branches of the Auriculoventncular Bundle, Am J M Sc 164 469, 1922 ^ 

55 White, P D , and Viko, L E Clinical Observations on Heart Block, Am 
J M Sc 165 659, 1923 
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in which theie weie lessei degiees of intraventiicular block were strik- 
ing!} similai In this group of 89 cases there existed also atinculoven- 
tiiciilai block in 20 (complete in 12) and auricular fibiillation m 15 
These authois also found among the 3,219 patients 156 cases of auric- 
uloventricular block, of ■which 27 were complete and 129 incomplete 
In 15 of the cases of complete heait block there was evidence of mtra- 
\entiicular block, 3 with well marked bundle bianch block, and in 19 
of the cases of partial block theie \vas intiaventricular block also The 
incidence of heart failure was gi eater m the cases of intraventricular 
block than in those of auiiculoventiicular block, especially heart failure 
of the anginal type Angina pectoiis was found about four times more 
often in cases of intraventriculai block 

Hart (1925), also using Carter’s ciiteria, reported on 25 cases, 
in 23 of which there was left bundle branch block All but 5 patients 
were under 50 3 cats of age, and 16 died within a few months All 
had ad^anced heart disease Theie weie 16 males and 9 females 

Talk} and Reed"’" (1926) studied 28 cases Only 1 patient was 
under 40 }eais of age, and the diagnosis w^as chronic myocarditis in 
23 cases Nineteen were males, and 9 were females There w^ere 20 
cases of left, 3 of light, 1 of alternating right and left and 4 of partial 
right bundle branch block In 6 cases there w^as impaiied auriculoven- 
triculai block also and 111 8 auriculai fibrillation Fifteen patients died 
within SIX months Two patients w^ere alive after four and a half 
}ears Congestive failure w'as the common end 

AAhlhus (1926) collected reports of 105 cases of "complete” 
bundle branch block, of wdiich 99 w^ere cases of left bundle branch 
block The youngest patient w^as 17 years old and the oldest 88, but 
87 patients w'ere over 50 Theie w^ere 60 males and 45 females In 
93 per cent of the cases there w'as hypertensive and arteriosclerotic 
heart disease, but most of the patients were ambulatory Angina pec- 
toris w^as present in 31 cases, but a history of cardiac infarction was 
obtained in only 1 case Dyspnea w^as noted in all cases Auricular 
fibrillation existed in 4 cases and a prolonged PR interval 111 3 Forty- 
three of 66 patients w^ere dead of heart failure within fourteen months , 
18 w'ere living, 2 as long as six years afterward 

56 Hart, T S Block of the Branches of the Bundle of His Clinical Notes 
on the Changes Following the Administration of Digitalis, Comments on the 
Levocardiogram, Dextrocardiogram and Bicardiogram, Arch Int Med 35 115 
(Jan) 1925 

57 Talley, J E , and Reed, OK A Study of Twenty-Eight Cases of Bundle- 
Branch Block, Am Heart J 1 262, 1926 

58 Willius, F A Clinical Features of Cases Exhibiting Electrocardiograms 
Conforming to Those of Experimental Complete Bundle-Branch Block, Am 
Heart J 1 576, 1926 
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In Cowan and BiamwelFs'^” (1925) senes of 24 cases 23 were 
so-called typical cases of left bundle branch block All but 3 patients 
weie over 40 yeais old, and there were 20 males and 4 females The 
piincipal complaint was dyspnea in 13 cases and anginal pain in 8 
Caidiac enlaigement was present in 14 Theie were 10 cases of chronic 
vahailar disease and 2 of congenital heart disease, and in the others 
there was evidence of arterial degeneration The blood pressure was 
ovei 150 systolic in 10 Auricular fibi illation was piesent in 5 cases 
and auiiculoventriculai block in 1 In the lattei case the patient first 
showed complete heait block without bundle bianch block, and three 
months later the two arih34hmias combined Another patient had at 
first only an inverted T wave m leads I and II and one year later had 
left bundle bianch block after a sudden caidiac attack One patient 
showed bundle branch block which after five months was much less 
pronounced Fourteen patients had died, all within eighteen months 
and 11 within a yeai Onty 1 had been undei observation for as long 
as four years 

Of Bach’s 80 patients (1930) 50 had degenerative heart disease, 
17 had syphilitic heart disease and 11 had mitral stenosis For those 
with degenerative heart disease the aveiage age was 59 years, and 20 
per cent of the patients died within a year However, 1 patient was 
living after fourteen years, 1 after nine years and 23 after seven years 
Nine of the syphilitic patients died at the average age of 45 years, 
whereas only 1 of the rheumatic patients was dead Some patients, 
especially those with degenerative heart disease, showed a low voltage, 
with left axis deviation at first and later slight lengthening and notch- 
ing of the QRS complex, and finally left bundle branch block 

Luten and Grove (1929) presented a study of 237 cases which 
did not fulfil the commonly accepted ciiteria of bundle bianch block 
but which the authois consideied as instances of defective conduction 
in the right branch but which possibly they might now change to that 
of the left branch The QRS complex was upright m lead I and the 
T wave inverted, whereas the QRS complex was downward in lead HI 
and the T wave was upright, but the QRS interval was less than 0 1 
second The number of these cases in which a diagnosis of cardiac 
disease was given as the principal or secondary consideration amounted 

59 Cowan, J , and Bramwell, J C Clinical Aspect of Bundle-Branch Block, 
Quart J Med 19 95, 1925 

60 Bach, F On the Clinical Significance of Right Bundle Branch Block, 
Quart J Med 23 261, 1930 

61 Luten, D , and Grove, E The Incidence and Significance of Electrocardio- 
grams Showing the Features of Left Axis Deviation and QRS of Normal Dura- 
tion with Inverted Ti and Upright Ta, Am Heart J 4 431, 1929 
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to onl}' 56 pel cent of the total iiumbei Only 11 patients were under 
35 3'eais of age H}pei tension was piesent in 89 per cent of all cases 
and aiteiioscleiosis in 78 per cent In 100 of the 132 cases of cardiac 
disease theie A\as evidence of coronal y aitenoscleiosis, hypertensive 
heait disease oi angina pectoiis Theie were 25 cases of syphilitic heart 
disease oi aneuiysm, 5 of iheumatic heait disease, 1 of “thyroid 
heait disease” and 1 of bacteiial endocarditis In only 6 of the lemain- 
ing 102 cases w^as theie neither aiteriosclerosis nor hypertension Car- 
diac Inpertrophy w^as present in 110 cases (48 per cent) and probably 
in 97 others Seven necropsies had been perfoimed, and in all cases 
theie was significant coronal}^ aitenoscleiosis 

In 39 of the 41 cases of classic bundle branch block studied by Hill 
(1930) there was block of the left bianch All but 2 of the patients 
w^eie o^er 40 3eais old, and theie weie 31 males and 10 females All 
the patients had d3'spnea, 15 had angina pectoris and 12 had edema 
H3fpei tension w^as piesent in 15 cases, and aortic legurgitation in 4, 
and theie w'as a iheumatic histoi3’- in 3 Chronic valvulitis was present 
in some cases and toxic goiter in a few The patients all died within 
a 3’’ear or a little more Auriculai fibiillation occuried m 10 cases and 
auiiculoventriculai block in 5, wnth an increased PR interval m several 
others Faint heart sounds and an apical systolic murmur were common 
Campbell and Turkington published a study, in 1931, of 56 cases 
of left bundle branch block (they used the old terminology — right 
bundle branch block) All but 9 patients weie over 40 years of age, 
and the average age w^as 58 6 3'ears foi hospitalized patients and 63 1 
3fears for private patients There were 36 males and 20 females The 
cardiac diagnoses w'ere not clearty stated, but there was a history of 
previous rheumatic infection 111 9 cases, S3^phihs m 3 cases, bacterial 
endocarditis in 2 cases and definite peripheral arteriosclerosis m 14 
cases The blood piessure w^as over 150 systolic in 26 cases and over 
200 systolic m 3 cases Evidence of disease of the mitral valve was 
present in 34 cases and disease of the aortic valve in 8 cases Dyspnea 
w^as noted in 43 cases, anginal pain in 22 cases, maiked heait failure 
in 34 cases, edema in 15 cases and cardiac enlargement m almost all 
cases, being severe in 10 cases Auricular fibrillation w^as noted m 4 
cases Thirty patients died within six years Of the 22 patients known 
to be living, 4 were alive after nine years, 1 after thirteen yeais and 
another after seven 3"ears The lemainder lived less than tliiee years 

62 Hill, I G H Bundle-Branch Block A Clinical and Histological Study, 
Quart J Med 24 IS, 1930-1931 

63 Campbell, S B B , and Turkington, S I Right Bundle-Branch Block 
An Analysis of the Clinical Records of Fifty-Six Cases with Typical Electro- 
cardiograms, Quart J Med 24 481, 1931 
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Smith’s®^ (1932) 47 patients were all ambulatory when first seen 
The youngest patient was 36 years old There were 34 males and 13 
females All but 3 were dead after eighteen months These 3 were 
living after three, four and five years, respectively 

The report of Tung and Cheer®® (1933) from China was interest- 
ing because in 10 of the 16 cases there was right bundle branch block 
One patient was 10 years old, another 11 and the others 28 or over 
There were 11 males and 5 females Seven of the patients with right 
branch block had rheumatic heart disease with mitral stenosis, 2 had 
coronary aiteiiosclerosis and 1 had congenital dextrocardia, with evi- 
dence of a patent septum Of the patients with left bundle branch 
block, 5 had hypertension and 1 arteriosclerotic heart disease Three 
patients with mitral stenosis first had preponderance of the right ven- 
tricle and latei right bundle branch block The authors suggested that 
many cases of ventricular preponderance are probably due, in part at 
least, to defective bundle branch conduction They said they believed 
that dilatation and stress and strain of a ventricle are factors in pro- 
ducing intraventricular block 

Graybiel and Sprague®® repoited (1933) on a great senes of 395 
cases as an extension of the report of White and Viko ®® (1923) They 
classified their cases according to the types of curves, as already shown 
There were 26 cases of left bundle branch block of homophasic type, 
99 cases of left bundle branch block of heterophasic type, 29 cases of 
left bundle branch block of heterophasic type, 81 cases of right bundle 
branch block of heterophasic type, 160 cases of bundle branch block of 
indetei inmate type and 109 cases in which there was found to be 
significant aberration of the ventricular complex All but 45 patients 
were over 40 years of age, and 216 w'ere between 40 and 70 There 
were 301 males and 94 females Piobable coronary arteriosclerosis 
was present in 238 cases, hypertension m 154, rheumatism in 47 and 
chronic pericarditis in 11 The heart was enlarged in 154 of 166 cases, 
initial stenosis was present m 35 cases, mitral regurgitation in 36, aortic 
stenosis m 11 and aortic regurgitation in 49 There was evidence of 
definite coronary occlusion in 31 cases and of aortic aneurysm m 2 
Auricular fibrillation existed in 54 cases, partial heart block in 20 and 
complete heart block m 17 Congestive failure occurred in 118 cases, 
angina pectoris in 59, Adams-Stokes attacks m 12, cardiac asthma in 
12 and eifort syndrome in 4 Of 308 patients followed, 85 were living 

64 Smith, A L Review of Forty-Seven Cases of One-Sided Branch Block, 
Nebraska M J 17 179, 1932 

65 Tung, C L , and Cheer, S N A Correlation of Clinical and Electro- 
cardiographic Findings in Human Bundle-Branch Block, Chinese M J 47 IS, 
1933 
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an average of two years and eleven months later, whereas 223 died 
within an aveiage of fourteen months 

King (1934) anatyzed 155 instances of bundle branch block in 
150 patients There weie 134 instances of left and 21 of right bundle 
branch block, although m 5 cases the block changed from one side to 
the other The average age of the patients with “senile” heait disease 
was 61 years, of those with s}philitic heart disease 42 years and of 
those with rheumatic heart disease 42 yeais There were 109 males 
and 41 females The etiologic agents held responsible were arterio- 
sclerosis (coronary) in 108, syphilis (aortic) in 14 and rheumatic fever 
(causing valvulitis) in 15, with a doubtful etiologic agent in 18 Auric- 
ulai fibrillation occuried in 26 cases (22 cases of left and 4 cases of 
right blanch block) Prolongation of the PR interval was observed 
in 28 cases and complete heart block in 36 The author shoved that 
bundle branch block ma} be expected to occur m about 2 pei cent of 
all patients suffeiing from syphilitic cardiovascular disease and m 5 5 
per cent of all patients with rheumatic infection of various types Of 
104 patients traced, 76 were dead, the average duration of life after 
the diagnosis of bundle branch block was made being one year for the 
senile patients, ten and six-tenths months for the syphilitic patients and 
one }ear and eight months for the rheumatic patients Theie were 
autopsies in 17 cases with a close correlation between the clinical and 
the gross pathologic diagnosis 

iMention has previously been made of an “atypical bundle-branch 
block with a fa^orable prognosis” described by von Deesten and Dol- 
ganos (1934) One patient was living aftei eleven and a half years, 
at the age of 72 yeais, and another after eight and a half years, at the 
age of 54 years 

Mention has also been made of the article by Edeiken and Wol- 
ferth ( 1934) concerning cases in which there was an M-shaped or 
W-shaped QRS complex in lead II, which is apparently a manifesta- 
tion of arteriosclerotic heart disease and often results fiom coronaiy 
occlusion 

Bayley^° (1934) discussed the frequency and significance of right 
bundle branch block as obserAed at Ann Arbor, Mich There were 70 
cases, as compared with 103 cases of left bundle branch block, a much 
higher incidence than in any of the pievious reviews by other authors 
Bayley divided the cases of right branch block into four groups, which 
have already been described He stated that the position of the heart, 
infarction in the septum or free wall of the left ventricle and preponder- 
ance of the left ventiicle are probably the chief factors, absence or 

66 King, J T Bundle-Branch Block A Case Analysis with Especial 
Reference to Incidence and Prognosis, Am J M Sc 187 149, 1934 
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pieseiice of which, singly oi in combination, accounts for the variation 
in form of the initial deflection in curves for patients with complete 
light bundle blanch block He found both right and left bianch block 
to be considerably more common with arteriosclerotic heart disease 
than with other etiologic types Often little or no evidence of cardio- 
vascular disease was found on routine physical examination “When 
patients with iheumatic heart and mitral stenosis develop bundle-branch 
block, the conduction defect is almost invariably on the light side ” 
Wood, Jeflrers and Wolferth (1935) reported a follow-up study 
of 64 patients with a defect of right bundle branch conduction Because 
a large numbei of these patients had lived several years, the authors 
concluded that m the absence of other evidence of heart disease, bundle 
branch block is not necessarily an ominous sign Three fourths of 
the patients were ovei 50 years of age when first seen In 3 patients 
the block developed duiiiig observation, the first had piactically no 
evidence of cai diovasculai disease, the second had definite disease of 
the coionaiy artery and the third showed the deformity during a fatal 
attack of coronaiy occlusion In 3 cases the QRS defoimity appeared 
and disappeared from time to time Twenty patients showed no evi- 
dence of heart disease when first seen, 13 showed relatively minor 
evidence and 17 showed definite evidence of heart disease 

Salcedo-Salgar and White®® (1935) became interested in the i ela- 
tion of all forms of conduction block to clinical manifestations of 
disease of the coionary aiteries Only 8 8 per cent of 700 patients 
with angina pectoris showed heart block, either aunculoventricular (11 
per cent) or intraventi icular (7 3 per cent) or both (0 4 per cent), 
and only 13 1 per cent of 328 patients with coronary thrombosis showed 
heait block, either aunculoventi icular (3 6 pei cent) or intraventricular 
block (8 9 pel cent) or both (0 6 per cent) Of 181 patients with 
intraventricular block of all grades, 29 8 per cent showed angina pectoris 
without clinical coronary thrombosis, and only 9 3 per cent showed 
coronary thrombosis, making a grand total of 46 9 per cent of the 
patients with intraventricular block with clear evidence of disease of the 
coronary arteries, as compared with 21 3 per cent of the patients with 
aunculoventricular block with the same evidence A few over half of 
those with typical left bundle branch block and the same number of 
those with typical right bundle branch block had angina pectoris or 
coionary thrombosis or both The piognosis for patients over 50 years 

67 Wood, F C , Jeffers, W A , and Wolferth, C C Follow-Up Study of 
Sixty-Four Patients with a Right Bundle-Branch Conduction Defect, Am Heart 
J 10 1056, 1935 

68 Salcedo-Salgar, J , and White, P D The Relationship of Heart-Block, 
Aunculoventricular and Intraventricular, to Clinical Manifestations of Coronary 
Disease, Angina Pectoris, and Coronary Thrombosis, Am Heart J 10 1067, 1935 
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of age AMtli eithei auiiculoventncular oi intraventiicular block was 
about cquall}’- unfavoiable uhetliei oi not there weie associated clinical 
CMdences of disease of the coionarj^ aitei les 

Sampson and Nagle®'' (1936) discussed the piognosis of bundle 
blanch block as delei mined b}* a study of 157 cases conforming to 
Caitei's ciitciia and the piognosis for a group of 112 heterogeneous 
examples of aUpical block of the intraventriculai conduction system 
There Aiere 146 cases of classic left bundle hianch block and 11 cases 
of classic light blanch block The authors noted a high fatality duiing 
the first }eai aftei disco\eiy of classic bundle bianch block and a 
remarkable diminution of the fatality rate foi patients ^^llo suivived 
this peiiod, some patients living as long as eleven yeais The patients 
vilh at}pical lntla^en^llculal block had about the same life expectancy 
after the} reached the later decades, and some lived as long as sixteen 
}ears Among the 157 palients vith classic branch block there weie 
96 males and 61 females among the 112 patients with intraventiicular 
block theie vcie 75 males and 37 females All but 14 of the patients 
with classic block wcic 40 oi moie yeais of age, and all but 28 of 
those with at}pical block weie 40 oi moie yeais of age Arteiioscleiotic 
heart disease and artcnoscleiotic combined with hypei tensive heait 
disease compiised the eliologic factors m 108 of the cases of classic 
block and 58 of the cases of at}pical block approximate!} tw^o thuds 
of each gioup There were a total of 23 cases of syphilitic heart disease, 
22 cases of rheumatic hcait disease, 11 cases of thyrotoxic heait dis- 
ease 7 cases of congenital heart disease and 40 cases m wdnch theie 
were miscellaneous oi doubtful etiologic factois 

As regaids piognosis, Bishop and Bishop"® (1932) suggested cau- 
tion, since a patient with hypertensive heart disease wuth “complete” 
left bundle bianch block w^as obseived by them for eleven yeais and 
w as w ell at the time of the report 

As a rare cause of right bundle bianch block CrawToid and de Veer 
(1932) described an aneuiysm, 9 cm in diametei, aiising in the first 
portion of the aorta w4iich produced maiked stenosis of the pulmonaiy 
^al\e and piojected into the light ventricle, with considerable damage 
to the inten entricular septum Serial sections, studied by Alfied E 
Cohn, were not satisfactory The authors refeired to a similar case 
reported by Rothschild, Sacks and Libman, in 1927, and another repoited 

69 Sampson, J J , and Nagle, O E The Prognosis of Bundle-Branch Block 
and Other Intraventricular Conduction Sj'stcm Lesions, Am J M Sc 191 88, 
1936 

70 Bishop, L F, and Bishop, L F, Jr Bundle Branch Block of Unusual 
Duration, J A M A 98 398 (Jan 30) 1932 

71 Crawford, J H , and de Veer, J A Aneurysm of the Aorta Producing 
Pulmonarj Stenosis and Bundle-Branch Block, Am Heart J 7 780, 1932 
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by Stejfa, in 1930 In the latter case the diagnosis of this unusual 
lesion was made ante mortem on the basis of a rough systolic murmur 
m the second and third left interspaces, with enlargement of the heart to 
the right and to the left and signs of aortic insufficiency accompanied 
with tracheal tug and paralysis of the left recurrent laryngeal nerve 
The description of the study of the bundle branches was vague 

TRANSIENT, INTERMITTENT AND ‘'"FUNCTIONAL-” BUNDLE 

BRANCH BLOCK 

For many years it has been recognized that bundle branch block 
IS not always a permanent phenomenon Probably if electrocardiograms 
were made more often, the transient or intermittent nature of the block 
would be evident moie frequently 

Tiansient or intermittent bundle branch block may occur without 
evidence of organic heart disease, in which event it is more likely to 
be designated functional bundle branch block Such cases are rare, 
however, since in most instances there are definite indications of cardiac 
disease and the occurrence of bundle branch block even transiently is 
presumptive evidence of the presence of organic heart disease 

One form of intermittent and recurrent bundle branch block is 
assumed to be of puiely functional origin and not dependent on heart 
disease This is the syndrome of bundle branch block with a short PR 
interval in healthy young persons prone to paioxysmal tachycardia or 
auricular fibrillation It was first described, in 1930, by Wolff, Parkin- 
son and White,^” although Wedd,^® in 1921, reported a case of the 
same natuie which he assumed, however, to be due to an aunculoven- 
tricular nodal rhythm In such cases the reversion to a normal ventricular 
complex, with a longer (noimal) PR inteival, spontaneously or by 
vagal release after exercise or atropmization is often but not always 
a striking phenomenon While this feature was present in some of the 
cases reported by Wolff, Parkinson and White and in the 2 reported 
by Tung^- (1936), it did not exist m the cases reported by Holzmann 
and Scberf (1932), Wolferth and Wood^® (1933) and Roberts and 
Abramson (1936) In the case reported by Robeits and Abramson 
the use of quimdme was followed by the appearance of a normal elec- 
trocardiogram Also, at times there was spontaneous transition from the 
abnormal complex alone to alternate grouping of abnormal and normal 
complexes Holzmann and Scherf and later Wolferth and Wood pos- 
tulated the presence of a band of aberrant conduction tissue between 
the right auricle and the right ventricle and stated that the conduction 
wave passes not only through the bundle of His and its branches but 
also over this aberrant bundle Reaching the right ventricle via the 


72 Tung, C Functional Bundle-Branch Block, Am Heart J 11 89, 1936 
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usual route, the ave finds the ventricle already activated by the impulse 
which has passed down the abeiraiit bundle and therefore refractory 
Although Kent®^ (1914) desciibed such an aberrant bundle m animals, 
no one has yet demonstiated it m the heait of man 

Palmer and White (1928) found 107 cases of aberrant ventiicular 
response to an auiicular piemature beat (with a normal response to 
normal auricular stimuli) m 387 consecutive cases in which the elec- 
trocardiogiam showed an aunculai premature beat Such an abnormal 
ventricular response is assumed to be due to temporary fatigue of one 
branch of the bundle of His These aberrant complexes had been 
desciibed previously by others (Lewis,'^ 1909 and 1911, Robinson,"® 
1915, White and Stevens,"® 1916, Levy,^" 1922, Stenstrom,'^'^ 1924) 

Mentzingen (1934) reported an unusual case, that of a woman 
aged 54 3^ears who had vasomotoi spasms of the hands An electro- 
cardiogiam showed left bundle branch block, which disappeared when 
amyl nitrite Avas administeied The effect wore off in seveial minutes, 
with sudden shifts from complexes typifying bundle branch block to 
normal complexes, without changes m the PR inteival or in the heart 
rate and uithout transitional forms 

An interesting association of intermittent bundle bianch block (left) 
with pneumonia and hypeithyioidism due to exophthalmic goiter was 
reported by Lamb (1933) in the case of a woman aged 27 years 
The bloclc was assumed to be due to the toxic effect of infection plus 
tachycardia The aberrant complexes recuried. with subsequent exacer- 
bations of the hyperthyroidism At times the abeirant complexes weie 
interspersed with normal complexes 

Lewis'^ (1909, 1 case, 1911, 2 cases) was apparently the first to 
describe tiansient bundle branch block in cases of organic heait disease 

73 Palmer, R S , and White, P D The Clinical Significance of Aberrant 
Ventricular Response to Auricular Premature Beats and to Paroxysmal Auricular 
Tachycardia, Am Heart J 4 153, 1928 

74 Lewis, T (a) Paroxysmal Tachycardia, the Result of Ectopic Impulse 
Formation, Heart 1 262, 1909-1910, (&) footnote 27 

75 Robinson G C The Action of the Vagi on the Heart in Paroxysmal 
Tachycardia, Arch Int Med 16 967 (Dec ) 1915 

76 White, P D , and Stevens, H W Ventricular Response to Auricular 
Premature Beats and to Auricular Flutter, Arch Int Med 18 712 (Nov ) 1916 
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78 Stenstrom, N An Experimental and Clinical Study of Incomplete Bundle- 
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79 von Mentzingen, A Ueber einen Fall von funktionellem Verzweigungs- 
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Since then many similai cases have been leported The following list 
includes the names of most of the authors of such publications 
Mathewson (1912, 1 case m which both conduction methods were 
displayed m the same lecord) , Carter “ (1914, 1 case) , Wilson (1915, 
1 case, showing foui diffeient rhythms and three different ventricular 
complexes pioduced by stimulation of the vagus nerve and abolished 
in favoi of the normal ihythm by the administration of atropine) , 
Robinson®^ (1916, 7 cases of tempoiary aberration of the ventiicular 
complex following impairment of the functional state of the heart) , 
Danielopolu and Danulescu®- (1921, 1 case in which ocular compression 
with 01 without ati opine or epinephrine was said to cause bradycaidia, 
aui iculoventi iculai block and an at)'pical QRS complex) , Danielopolu 
and Danulescu ( 1922, 1 case in which strong binocular compression 
with or without atiopinization caused curves typical of bundle branch 
block to appear), Stenstiom'® (1924, 3 cases of tempoiary failure 
of mtiaventiiculai conduction and 5 cases in which there was a single 
aberrant complex of supraventricular origin), Stenstiom®‘ (1927, 3 
cases of bundle branch block in which the block disappeared for periods 
spontaneously or with slowing of the heart rate by rest or vagal pres- 
suie) , Leinbach and White®® (1928, 1 case m which at first there was 
two to one right bundle branch block and latei complete bianch block) , 
Saniet®® (1927, 1 case of inteimittent aunculoventricular block, with 
noimal duration of QRS and prolongation of QRS during sinus 
rhythm), Willius and Keith®' (1927, 3 cases of inteimittent incom- 
plete bundle bianch block), Wenckebach and Winterberg®® (1927, 
1 case of bundle branch block, with a prolonged PR inteival, in which 

81 Robinson, G C The Relation of Changes in the Form of the Ventricular 
Complex of the Electrocardiogram to Functional Changes m the Heart, Arch Int 
Med 18 830 (Dec) 1916 
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Man, Acta med Scandinav 67 353, 1927 
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slight exeicise pioduced two to one aunculoventi icular block and a 
noimal intiaventncular conduction time), von Kapff®® (1928, 1 case 
of tiansient bundle bianch block) , Baines and Yatei' (1929, 1 case of 
paioxysmal tachycaidia and alternating incomplete right and left bundle 
branch block, uith fibiosis of the myocardium in a young woman), 
j\Ioorc and Stewait’’^ (1930, 1 case of light bundle branch block in a 
patient with uiemia, the block disappeared after the mtiavenous injec- 
tion of hypertonic dextrose solution), Slater (1930, 1 case of three 
to one and foui to one partial bundle bianch block, which the author 
said vas an instance of type 2 bundle bianch block). Baker (1930, 
1 case of tempoiai}^ bundle branch block occurring duiing tachycaidia, 
\\ith rcstoiation of noimal intia\entiiculai conduction as the heart rate 
became slower or duimg the administiation of oxygen) , Kelly (1930, 
1 case of h\o to one right bundle bianch block, which later became 
complete), Pleiimann and Ashman (1931, 3 cases m which there 
was sudden transition fiom complete bundle bianch block to noimal 
intraventnculai conduction aftei the taking of a deep breath and the 
holding of it for from a few seconds to a minute [type 2] and 5 cases 
of high grades of paitial bundle bianch block in which wnth or with- 
out other mechanism or disturbances of rhythm there appeared at times 
a normal shoit QRS inteival). Carter and McEachern °° (1931, 1 
case 111 w'hich there w^eie paroxysms of aunculoventi iculai block, with 
variable and incomplete bundle branch block but with complete bundle 
branch block dining the phases of sinus rhythm), Katz, Hamburger 

89 \on Kapff, D \V Uebcr enicn Fall von Passageren ScIienkel-BIock, Klin 
Wchnschr 7 357, 1928 
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and Rubinfeld ( 1932, 1 case m which a changing ventricular rate 
caused the appearance of transient bundle branch block of one type 
superimposed on that of the opposite type, with at times an alternation 
between the two after injection of epinephrine) , Elliott and Nuzum°® 
(1932, 1 case of left bundle branch block, with transient and spon- 
taneous two to one auriculoventricular block during which the bundle 
branch block disappeared, and with later persistence of the bundle 
branch block except during slowing from vagal pressure [type 2] ) , 
Morns and McGuire®® (1932, 2 cases of transient complete bundle 
branch block of acute onset with circulatory failure) , Campbell and 
Suzman^®® (1932, 1 case m which there was gradual disappearance of 
bundle branch block, probably owing to coronary thrombosis) , Sigler ^®^ 
(1933, 1 case in Avhich stimulation of the left vagus nerve, paradoxically, 
removed the bundle branch block, and m which an abnormal QRS 
complex occurred after as long a rest period as 0 56 second, a normal 
complex being restored by an additional rest of 0 08 second) , Pescador 
and Villanueva^®® (1932, 1 case of “functional” bundle branch block) , 
Carr^®® (1933, 1 case in which the bundle branch block at hist could be 
terminated by vagal stimulation but Avhich later became permanent) , 
Bagnaresi (1934, 1 case of paroxysmal tachycardia, with poly- 
morphism of the ventricular complex and typical bundle branch block) , 
Willius and Anderson ( 1934, 1 case of transient recurrent complete 
bundle branch block), Kurtz ^®® (1936, 6 cases of transient bundle 
branch block, m 2 of which the occurrence of the block w-as closely 
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associated with pciiods of imocardial failine, in anothei case, block 
was piesent foi a lime after coionai}^ occlusion 

It IS probable that in such cases as most of those mentioned theie 
aie partial lesions of one or both bundle blanches without complete 
intciruplion of function except when toxic oi metabolic factois further 
compiomise the conduction tissues oi wdien lelease of vagal tone 
increases the hcai t rale The onset ma}^ be abi upt, as wdien due mainly 
to a sudden insult, such as mfaiction. wnth gradual disappearance of 
the block, during the lattci pait of which pciiod there may be frequent 
transitions or the onset may be giadual. wnth or wnthout moie oi less 
fiequent transition'; due to progressne involvement of the bianch, or the 
transitions ma} occui with gicat ficquency, regularl}’^ or ii regularly, 
in cases m which the pathologic process ma} be relatively stationary, in 
which c\ent the hcait rate may be of gieatest impoitance m the pro- 
duction of the tiansition Similar factois aie at wmik in cases of 
auriculo\ enti icular hcait block, in winch for days, months oi years 
the degree of block mn\ he \aiiable 

SI.DD1X ONsm or plkmwext buxdle brvnch block 
A few cases ha^c been obsened in which permanent bundle branch 
block was noted to occur suddenh It is a fortunate chance that aftoids 
such an obser\alion In Perr}*s^®‘ case (1934) the exact cause of the 
sudden change from a normal complex to that of bundle bianch block 
could not be ascertained with certamtv but w’^as assumed to be slow 
coronar} thrombosis m a case m wdneh the bundle branch w^as aheady 
compromised Another case, 1 of the cases leported by Hollings- 
worth^^'® (1937), was that of a man wdiose electrocaidiographic curve 
suddenl} changed to that typical of bundle branch block while the 
electrocardiogram was being made and remained constant from then 
on At the time of this abrupt transition there was no change m the 
patient's clinical condition 

PROGRESSIVE BUXDLE BRANCH BLOCK 

In most cases of established bundle bianch block the condition is 
probably progiessive from sinus rhythm to complete block of the 
branch, as in most cases the etiologic factor is undoubtedly coionary 

106a Since this paper went to press an excellent article bj’’ Comeau, Hamilton 
and White has appeared (Comeau, W J , Hamilton, J G M , and White, P D 
Paroxjsmal Bundle-Branch Block Associated with Heart Disease, Am Heart J 
15 276, 1938) Another case has also been reported, bj^ Bishop (Bishop, L F , Jr 
Transient, Recurrent, Complete Left Bundle-Branch Block, ibid 15 354, 1938) 

107 Perry, C B Observed Onset of Bundle-Branch Block with Coronary 
Thrombosis Forty-Five Hours Later, Am Heart J 9 642, 1934 

108 Hollingsworth, E W Personal communication to the author 
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arteriosclei osis and the lesions of the bundle branches are gradual to the 
point of complete destruction at one or more points Such progression 
has been observed in many cases An illustrative case is that reported 
by Kiumbhaar (1917, case 3), in which progressive establishment of 
bundle bianch block was noted, with the occurrence of occasional 
aberrant beats during the different stages Other instances were those 
reported by Hyman and Parsonnet^^® (1930) These authors described 
5 cases, 4 of which began with the curve typical of left axis deviation 
and an inverted T wave in lead I and later changed to the curve typical 
of left bundle branch block and 1 of which began with the curve of 
right axis deviation and later changed to the curve typical of right bundle 
branch block In the first case the sinus rhythm persisted , in the second 
case auricular fibrillation developed with the block of the branch, in 
the third case complete aunculoventricular block appeared with the 
bundle branch block complex, and in the fourth case extrasystoles 
arising from multiple foci occurred after the establishment of bundle 
branch block Wilhus^^^ (1933) described several cases of progressive 
myocardial disease in which the elecfrocardiogram showed progresS^e 
change to bundle branch block In his third case the first tracings 
showed “left ventricular preponderance” , nine months later the T wave 
in lead I was inverted, and the QRS wave was slightly notched and 
showed a duration of 0 12 second , four months after this the changes 
were more marked, and necropsy showed marked coronary arterio- 
sclerosis and myofibrosis In his fifth case the first electrocardiogram 
showed “left ventricular prepondeiance,” with an inverted T wave in 
lead I, the second tracing, made nine months later, showed inversion 
of the T wave in leads I and II, and one year aftei this the curves 
were typical of left bundle branch block His sixth case was one of 
acromegaly with hyperthyroidism and caidiac hypertrophy, in which the 
first tracing showed "left ventricular preponderance” and the second 
tracing made four months after subtotal thyroidectomy showed typical 
left bundle branch block, th5 patient being then more dyspneic 

BUNDLE BRANCH BLOCK ASSOCIATED WITH IMPAIRED 
AURICULOVENTRICULAR CONDUCTION 

Many cases are on record in which the form of the ventiicular 
complex m the presence of aunculoventricular block was of the bundle 
branch type In a number of these cases tracings made at difleient 
' » 

109 Krumbhaar, E B Transient Heart-Block Electrocardiographic Studies, 
Arch Int Med 19 750 (May) 1917 . ^ 

’ 110 Hyman, A S , and Parsonnet, A E Bundle Branch Block The 
Phenomenon of Its Development in Relation to Axis Deviation of the Heart, Arch 
Int Med 45 868 (June) 1930 

111 Willius, F A The Progression of Myocardial Disease as Recorded by 
Serial Electrocardiograms, M Clm North America 16 1493, 1933 
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times oi the same tiacmg shoN\ed shifts, abiupt oi giadual, m the foim 
of the ^ent^clllal complex fiom that of light to that of left bundle 
blanch hlock oi mtci mediate foims In some of these cases the idio- 
^cntllclllal ilnthm ^\as lapid, indicating piobably an irritative as well 
as a dcstuictue lesion m the bianch in which the new automatic pace- 
makei was located 

111 the section entitled “Rci icw of Clinical Studies of Permanent Bundle 
Blanch Block’ the niimhei of cases of bundle bianch block associated 
with aiiriculoientnculai hlock was noted m each senes of cases m which 
the aiithoi included this featiiic m his icpoit Cornell, Claytor and I 
(1936) ha\c icxicwed this subject, listing the lepoits of such cases 
obtained fiom the htciatuic and icpoiting 3 cases of our own, wnth 
detailed histopathologic studies We concluded that the pathogenic factor 
111 all these cases is piobabh disease of the coionary aiteiies and that the 
condition is due usuall} to lesions, paitial or complete, in both bundle 
branches in most instances, although we considered that destructive 
lesions of the tcimmal poition of the bundle of PIis may also produce 
^ich Aai Miig Acntricular complexes We stated that in cases of auriculo- 
^elltrIctllar hcait block due to bilateial bundle bianch, lesions the form 
of the \eiitriculai complex is fiequentl) suggestnc of bundle branch 
block and that \ariation m the form of this complex is common 

Tiicsc \an,ations suggest a shift in the site of the pace-maker, sometimes from 
one Side of the septum to the other The Aentncular complexes maj be of supra- 
eentncular form ho\\e\er, and then there are cither two pace-makers, one in 
each bundle branch, generating impulses simultaneously, or, more probably, a 
single pace-maker in one or the other branch sending impulses directly through 
the intcr\cntricular septum into the Purkinjc network of the contralateral ventricle 
as well as into that of the homolalcral \cntriclc 

VEXTRICULAR TRLPOXDER \XCC, VENTRICULAR STRAIN AND EFFECT 
or C\RDI\C POSITION ON THE ELECTROCARDIOGRAM 

Since Lewis (1914) and Cotton (1917) fiist studied the 
effect of ventricular h}peitiophy on the electric axis of the electro- 
cardiogram a numbei of other excellent studies have been made (Bridg- 
man,^^= 1915, Carter, Richter and Gieene,“'= 1919, Pardee,“^ 1920, 

112 Yater, W M , Cornell, V H, and Claytor, T Aunculoventricular Heart 
Block Due to Bilateral Bundle-Branch Lesions Review of the Literature and 
Report of Three Cases With Detajlcd Histopathologic Studies, Arch Int Med 
57 132 (Jan) 1936 

113 Lewis, T Observations upon Ventricular Hypertrophy, with Especial 
Reference to Preponderance of One or Other Chamber, Heart 5 367, 1913-1914 

114 Cotton, T F Observations upon Hypertrophy, Heart 6 217, 1917 

115 Bridgman, E W The Value of the Electrocardiogram in the Diagnosis 
of Cardiac Hypertrophy, Arch Int Med 15 487 (March) 1915 

(Footnotes conttnued on next page) 
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Dieuaide,“® 1921, Herrmann and Wilson, 1922, White and Bur- 
we]],^‘“ 1924, Reid, 1928, Wilson and Herrmann,^^^ 1930, Master,^23 
1930, Proger and Davis, 1930) Ventricular preponderance, ven- 
triculai stiain and the effect of the cardiac position on the electro- 
cardiogram are subjects that have somewhat beclouded the subject of 
bundle branch block or disturbances of intraventricular conduction This 
IS true more particularly in cases in which there is slight prolongation of 
the QRS complex and in cases in which there is negativity of the T 
wave In this connection the conclusions of Herrmann and Wilson 
(1922) are worthy of quotation 

The relative weight of the two ventricles is but one of many factors which 
influence the form of the ventricular complex of the electrocardiogram Its 
influence predominates only when the heart is greatly hypertrophied There is 
no definite relation between the form of the ventricular complex and the relative 
weight of the two ventricles when the ventricular weight is below 250 grams 
The chief factors which disturb the relation between the form of the electro- 
cardiogram and the relatne weight of the two ventricles, so it is suggested, are 
(1) variations in the position of the heart, (2) variations in the arrangement of 
the \entricular conducting system, and (3) disturbances of intraventricular con- 
duction The form of the normal electrocardiogram is not determined by the 
relative weight of the two ventricles it is chiefly dependent upon the position of 
the heart and upon the arrangement of the ventricular conducting system, some- 
times one, sometimes the other, of these factors exerts the greater influence 

In a later study Wilson and Herrmann (1930) made further 
observations on this problem, with the following conclusions 

Comparison of the QRS interval and the ventricular weight indicates that the 
length of this interval increases in average value with the cube root of the 


116 Carter, E P , Richter, C P, and Greene, C H A Graphic Application 
of the Principle of the Equilateral Triangle for Determining the Direction of the 
Electrical Axis of the Heart in the Human Electrocardiogram, Bull Johns Hopkins 


Hosp 30 162, 1919 

117 Pardee, H E B The Determination of Ventricular Predominance from 
the Electrocardiogram, Arch Int Med 25 683 (June) 1920 

118 Dieuaide, F R The Determination and Significance of the Electrical 
Axis of the Human Heart, Arch Int Med 27 558 (May) 1921 

119 Herrmann, G R , and Wilson, F N Ventricular Hypertrophy A 
Comparison of Electrocardiographic and Post-Mortem Observations, Heart 9 91, 


1922 

120 White, P D, and Burwell, 
monic Stenosis, Aortic Regurgitation 


C S The Effects of Mitral Stenosis, Pul- 
and Hypertension on the Electrocardiogram, 


Arch Int Med 34 529 (Oct ) 1924 

121 Reid W D Comparison of the Electrical Axis Shown by the Electro 
cardiogram with Roentgen Mensuration of the Heart, Am Heart J 4 223, 1928 

122 Wilson, F N, and Herrmann, G R Relation of QRS-Interval to 

Vpntncular Wemht, Heart 15 135, 1930 

iS Mas^ri M Characteristic Electrocardiograms and Roentgenograms in 

Arterial Hypertension, Am Heart J 5 291, 1930 

124 Proger S H, and Davis, D The Significance of Axis Deviation in the 

Human Electrocardiogram, Arch Int Med 45 975 (June) 1930 
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ventricular weight Comparison of the QRS interval and the thickness of the left 
ventricular wall shows a similar increase in the average value of this interval 
with an increase in muscle thickness QRS intervals which exceed 0 10 second 
should not in general be ascribed to increased size of the heart or to increased 
thickness of the left ventricular wall alone, but to retarded intraventricular con- 
duction 

The occasional observations, some of winch have previously been 
alluded to, of the progression of the electrocardiographic picture of left 
axis deviation, with or without a slightly prolonged QRS interval and 
with or without inversion of the T wave m lead I, to the typical electro- 
cardiographic picture of bundle branch block add consideiable support 
to the conclusions of these authors 

The excellent paper of Barnes and Whitten (1929) entitled 
“Study of T-Wave Negativity in Predominant Ventricular Strain” fails 
to take into account the possibility of lesions of the bundle branches 
in producing negativity of the T wave These authors have shown that 
“in cases in which the strain was thrown predominantly on the left 
ventricle” theie was often inversion of the T wave m lead I or in 
leads I and II, that “in cases in which the condition produced dis- 
proportionate load on the right ventricle” the T wave was often inverted 
in leads II and III, and that “in conditions in which multiple lesions 
compete for maximal strain on the two ventricles, the leads m which 
the T waves will be inverted cannot be predicted ” These conclusions, 
logical as they seem, for the very reason that no account is taken 
of the influence of possible lesions of the bundle branches, indicate 
the need for more extensive study of the histologic structure of the 
conduction system in cases of negatnuty of the T wave 

The effect of the position of the heart on the foim of the electro- 
cardiogram has been studied by many authors since Einthoven and 
associates’ original publication on the subject m 1913 Noteworthy 
studies of this subject have been those of Waller (1914), White 
and Bock "28 (1918), Cohn (1922), Meek and Wilson (1925), 

125 Barnes, A R, and Whitten, M B Study of T-Wave Negativity in 
Predominant Ventricular Strain, Am Heart J 5 14, 1929 

126 Einthoven, W , Fahr, G, and de Waart, A Ueber die Richtung und die 
manifesto Grosse der Potentialschwankungen im menschhchen Herzen und uber 
den Emfluss der Herzlage auf die Form des Elektrokardiogramms, Arch f d ges 
Physiol 150 275, 1913 

127 Waller, A D The Various Inclinations of the Electrical Axis of the 
Human Heart lA The Normal Heart, Effects of Respiration, Proc Roy Soc, 
London, s B 88 49, 1914 

128 White, P D , and Bock, A V Electrocardiographic Evidence of 
Abnormal Ventricular Preponderance and of Auricular Hypertrophy, Am J M 
Sc 156 17, 1918 

(Footnotes continued on next page) 
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Jones and Roberts (1929) , Ackerman and Katz ( 1933 ) Kissm 
Ackeiman and Katz (1933), Kountz, Prinzmetal, Pearson and 
Koenig" (1935), and Alexander and Baueilein (1936), from which 
it may be concluded that, while the position of the heart afifects the 
form of the electrocardiogram, mainly m legard to its electiic axis, 
this factor is of little practical significance in connection with the curves 
111 cases of bundle branch block, provided there is no extensive juxta- 
cardiac lesion Avhich would greatly alter the position of the heart and 
pi ovided the patient is in the 01 dmary sitting 01 supine position during 
the making of the electrocai diogram 

The impoitant questions arising out of these observations are 
When is right 01 left axis deviation with a slightly prolonged QRS 
mteival indicative of eail}’^ bundle branch lesions, provided the position 
of the heart is normal ? Is the additional presence of negativity of the 
T wave a definite sign of disturbance of function of a bundle branch? 
These questions can be answered only after extensive histopathologic 
study of the conduction systems of many hearts 

HISTOPATHOLOGIC STUDIES OF BUNDLE BRANCH BLOCK 
REPORTED IN THE LITERATURE 

Thus far I have discussed bundle branch block purely from the 
standpoint of the experimental evidence of its nature and the electro- 
caidiogiaphic and clinical manifestations Just as the concept from this 
point of view has varied so much, likewise the data concerning the 
histopathologic basis of this problem have been conflicting, incomplete 
and relatively scanty Much less certainty, in fact, exists on this point 
because of the tremendous amount of labor requiied in the histologic 
study of the conduction system of one heart, the technical difficulties 
involved and the amount of experience necessaiy for evaluation of 

129 Colin, A E An Investigation of the Relation of the Position of the 
Heart to the Electrocardiogram, Heart 9 312, 1922 

130 Meek, W J , and Wilson, A The Effect of Changes in Position of the 
Heart on the QRS Complex of the Electrocardiogram, Arch Int Med 36 614 
(Nov) 1925 

131 Jones, H W , and Roberts, R E The Electrical Axis of the Heart As 
an Indication of Changes in Ventricular Predominance, Quart J Med 23 67, 
1929 

132 Ackerman, W, and Katr, L N Reversal in Direction of the QRS 

Complex of Experimental Right Bundle-Branch Block with Change in the Heart’s 
Position, Am Heart J 8 490, 1933 ^ 

133 Kissin, M , Ackerman, W , and Katz, L N The Effect of the Heart’s 
Position on the Electrocardiographic Appearance of Bundle-Branch Block in Man, 
Am J M Sc 186 721, 1933 

134 Alexander, H L, and Bauerlein, T C The Influence of Posture on 
Partial Heart-Block, Am Heart J 11 223, 1936 
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the findings Few persons have had extensive experience in this field 
of reseaich, and even their conclusions are extremely at vaiiance 

For a study of every portion of the microscopically lecognizable 
portion of the conduction system usually between 4,000 and 6,000 
serial sections are requiied depending mainly on the size of the heart 
Furtheimore, in order for the reader to be able to judge of the merits 
of the work, not only must the writei caiefully describe his findings, 
but he should also leproduce photomicrographs and electi ocai diograms 

A careful review of the literature up to 1930 by Mahaim revealed 
reports of only 19 cases involving the electrocardiographic diagnosis 
of bundle branch block in which anatomic studies had been made 
Mahaim considered only 3 of these cases sufficiently well studied his- 
tologically to be accepted as convincing (Eppinger and Stoerk,^^'^ 2 
cases, 1910, Kauf,^^° 1 case, 1924) and a fouith case as probably cor- 
rectly evaluated (Fredericia and Moller,^^^ 1918) The authors stated 
that lesions were observed in the right bundle branch and not in the left 
the electrocardiogi ams had shown right bundle branch block, accoidmg 
to the original terminology Even with Mahaim’s rigid criteria, these 
4 cases are open to ciiticism The 2 cases of chionic aortic valvulitis 
with congestive failure reported by Eppinger and Stoerk were presented 
without photomici ographs and with onl}^ biief histologic descriptions, 
furthermore, the left bundle branch was said to be entirely unaffected 
in both — the correctness of this statement is doubtful, since it must be 
rare to find one branch seriously diseased without some involvement 
of the other Kauf’s case was also one of disease of the aortic valves 
(stenosis with calcification) , the description of the microscopic study 
was brief, and the left bundle branch was said to be entirely normal 
In the case of degenerative heart disease reported by Fredeiicia and 
Moller there had been frequent changes in the form and direction of 
the ventnculai complex but no curve showing definite bundle branch 
block of eithei side The authors described briefly marked fibrosis 
of the left bundle branch but none of the light, a remarkable observa- 
tion in view of the electrocardiographic features 

Among the 15 other cases reviewed by Mahaim, theie were 3 
in which a histologic study of the conduction system was not made (2 
cases reported by Lutembacher [1926] apparently of coronary arterio- 

135 Eppinger, H , and Stoerk, O Zur Khnik des Elektrokardiogramms, 
Ztschr f klin Med 71 157, 1910 

136 Kauf, E Zur Diagnose des Sclienkelblocks beim menscbhchen Herzen 
Ztschr f klin Med 98 126, 1924 

137 Fredericia, L S , and Moller, P Ein Fall von auf das Septum lok- 
alisierter Myocarditis mit eigentumlichen Abnormitaten im Elektrokardiogramm, 
Deutsches Arch f klin Med 126 247, 1918 

138 Lutembacher, R Coronarite et infarctus sous-endocardiques a forme 
embolique. Arch d mal du cceur 19 505, 1926, Coronarite et aitentes du pan- 
creas, troubles de conduction et diabete, ibid 19 522, 1926 
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sclerosis, both including disturbance of auriculoventricular conduction 
and 1 case of right and the other of left bundle branch block, 1 case 
reported by Parkinson and Bedford^®® [1928] of multiple myocardial 
infarcts, with the electrocaidiogiaphic curve showing left bundle branch 
block) 

Four cases reported by Carter ■’ were incompletely studied histologic- 
ally by Cohn and Lewis (1914) largely because the tissue which was 
sent them was not adequate In the case of chronic aortic and mitral 
valvulitis reported by von Wyss"« (1911) and studied histologically 
b}'' Gerhardt,^^' there were disturbances of auiiculoventricular conduc- 
tion, with the curve typical of left bundle branch block, but only one 
lead of the electrocardiogram was reproduced, Gerhardt observed par- 
tial lesions of both branches The findings were therefore inconclusive 

Carter, “ iii 1918 , levised his ideas somewhat concerning bundle 
branch block, as the lesult of a study of a case in which the electro- 
cardiographic complexes were similar to those described by Oppenheimer 
and Rothschild as indicative of arborization block In general the 
curve resembled that typical of right bundle branch block but with low 
amplitude except during paroxysms of tachycardia, when the amplitude 
was high The histologic study, made by van der Stncht, was not 
complete, since only a number of isolated blocks of tissue were examined 
These showed localized areas of fibiosis m the mam stem and in the 
posterior division of the left bundle branch 

The 2 cases leported by Oppenheimer and Pardee'^ (1920) weie 
described in abstract form with extremely little detail and no illustrations 
One was said to be a case of left bundle branch block with lesions con- 
fined to the right bundle branch, and the othei was said to be a case 
of right bundle branch block with lesions confined to the left bundle 
branch Fiom these data the authors questioned the accuiacy of inter- 
pretation of electrocardiograms in cases of bundle branch block 

Drury (1921) made an incomplete histologic study of a case of 
auricular flutter in which the curve was suggestive of right bundle 
branch block of low voltage, owing to chronic coionaiy occlusion 

Waldorp’s case (1924) can hardly be called one of bundle branch 
block, and the histologic study was not convincingly described 

139 Parkinson, J, and Bedford, E Cardiac Infarction and Coronary 
Thrombosis, Lancet 1 4, 1928 

140 Cohn, A E, and Lewis, T The Pathology of Bundle Branch Lesions 
of the Heart, Proc New York Path Soc 14 207, 1914 

141 von Wyss, W Beitrage zur der Klinik des Elektrokardiogramms, 

Deutsches Arch f klin Med 103 505, 1911 ^ 

142 Gerhardt, D Khmsche und anatomische Beitrage uber Adams-Stokes’sche 
Krankheit und Vagusbradykardie, Deutsches Arch f khn Med 106 462, 1912 

143 Drury, A Arborization Block, Heart 8 23, 1921 

144 Waldorp, C P Bradyarrythmie dans une fibrillation auriculaire. Rev 
Asoc med argent 37 74, 1924 
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Wenckebach and Winterberg (1927) described a case of inter- 
mittent auriculoventricular heart block of varying degree in which there 
were variable ventricular complexes, the complex indicative of right 
bundle branch block piedominating The histologic study showed mul- 
tiple lesions of the left bundle bianch, the right branch could not be 
studied because of technical difficulties 

Maivin^^® (1928) described a case of left bundle branch block with 
tachycardia m which, after overdosage of digitalis, crises of polymorphic 
ventricular tachycardia of the alternating type occurred The histologic 
study of the large, probably hypertensive, heart was incomplete 

The case lepoited by Taussig (1929) cannot properly be called 
one of left bundle branch block because the electrocardiogram showed 
ventricular tach 3 '’cardia Also, the histologic study was incomplete 

Agostoni (1929) studied a case in which the electrocardiogram 
showed left bundle branch block By studying serial sections he observed 
patchy fibrosis of the myocardium, with the bundle of His and the 
left bundle branch normal but with the right bundle branch interrupted 
at two points by fibious lesions 

Hill (1930) studied 2 cases of left bundle branch block histo- 
logically In 1 case, however, he lost the light bundle branch 3 mm 
below Its origin and observed no lesions in the conduction system except 
a few small round cells in that branch In the other case he lost the right 
branch m its upper half, but he said he thought it divided into two 
branches before he lost it, one branch passing deeply into the myo- 
cardium He did not find lesions in the conduction system, but there 
was diffuse m 3 ^ocardial fibiosis 

In 1930 Oppenhemiei and Oppenheinier reported in abstract 
form their histologic data in 10 cases of intraventricular block, “includ- 
ing bundle-branch block and arborization block ” The third and tenth 
cases were the cases previous^ reported by Oppenheimer and Pardee 
There were 5 cases of bundle branch block, 2 being cases of typical 
bundle branch block of the common discoidant t 3 ^pe and 3 being cases 
in which the electrocardiogram approached this type but was not per- 

145 Wenckebach and Winterberg ,88 p 349 

146 Marvin, H M Paroxysmal Ventricular Tachycardia with Alternating 
Complexes Due to Digitalis Intoxication, Am Heart J 4 21 , 1928 

147 Taussig, H B A Case of Bundle-Branch Block Confirmed by Patho- 
logical Study, Bull Johns Hopkins Hosp 45 40, 1929 

148 Agostoni, G Un cas de lesion de la branche droite du faisceau de His, 
soupQonnee cliniquement, diagnostiquee par I’electrocardiogramme et controlee a 
I’autopsie, Arch d mal du coeur 22 577, 1929 

149 Oppenheimer, B , and Oppenheimer, E The Site of the Cardiac Lesion in 
Ten Cases of Interventricular Block Including Bundle-Branch Block and Aboriza- 
tion Block, Tr A Am Physicians 45 427, 1930 
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fectly characteristic In all 5 cases the histologic lesion was on the left 
side, and the right branch was intact except for a partial lesion in 1 
case Foui other cases were instances of so-called arborization block 
In all 4 the lesion involved the left bundle branch, “while the right 
branch was found to be intact throughout its course ” The remaining 
case was one of “well-marked intraventricular block of the exceptional 
discordant type, in which the mam ventricular deflection was directed 
downward in lead 1 and upward in lead 3 The lesion in this 

case was found solely in the right bundle branch, the left branch being 
normal thi oughout its course ” These results unequivocally support 
the new concept of bundle branch block Surprisingly, however, in 
all but 1 case the opposite bundle branch was intact Furthermore, 
these authors did not publish clinical histones, qlectrocardiogi ams, 
necropsy reports, descriptions of the histologic studies or photomicro- 
graphs in connection with any of the cases 

In 1931 Mahaim’s splendid volume on the organic diseases of the 
conduction s)^stem was published Mahaim’s thorough study of 8 cases 
of bundle branch block (7 light and 1 left, according to the oiiginal 
terminolog}') supported the original terminology, but m every case 
the lesions, mainly fibrosis due to vascular disease, were present in both 
bundle branches, although they were more nearly completely interruptive 
m the branch assumed, on the basis of the electrocardiogram, to be 
blocked Electrocardiographically these were all cases of so-called intra- 
ventricular block, but in most of them there weie differences from the 
original clinical criteria of bundle branch block, mainly m regard to 
amplitude, spread of the QRS complex and notching In 2 cases the 
amplitude was small, the electrocardiograms resembling those of 
so-called arborization block One case (observation XI) was an instance 
of complete heart block, with ventricular tachycardia and right bundle 
branch block In cases 5, 6, 8, 9 and 10 there was a deep S deflection 
m lead I The only important point open to doubt m Mahaim’s study 
was the interpretation of the branch more severely affected, since serious 
lesions were present in both branches m all cases Mahaim stressed 
the impoitance of studying the branches by serial sections as far down 
as they can be recognized, since m some of the cases he observed the 
important lesion m the lowermost part of the light branch He made 
a strong point of the blood supply of the bundle branches, emphasizing 
the common source of supply of the right branch and the anterior divi- 
sion of the left, explaining thus the bilateraht}^ of lesions and the escape 
of the posterior division of the left branch in many cases Although 
Mahaim’s work further beclouds the problems involved, it is of great 
value because it provides a careful review of the literature, it points 
out the necessity of thorough histologic study of the conduction system, 
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it emphasizes the usual bilateraht}^ of lesions and their frequent vas- 
cular pathogenesis and it gives the author’s thought-provoking deliber- 
ations 

In 1935 Mahaim/°° repoitmg a study of 2 cases of right bundle 
branch block, reviewed his previous cases and eliminated all but 2 of 
his 7 cases as being indecisive He excluded observation V because 
of the shoit period of clinical observation (two and a half months), 
an elongated PR interval and lesions of the common trunk Observa- 
tion VI was questioned because of the short period of clinical control 
(three weeks) Observation IX was discaided because of the short 
period of clinical study, the wide QRS complex and the multiple and 
bilateial lesions and because only one tracing had been made Obser- 
vation X was eliminated for the same reasons plus the presence of 
auricular fibrillation Observation XI was excluded for similar reasons, 
“total bilateral lesions rendering the case problematical ” Finally, he 
discarded observation XII because there was only a single tracing and 
because of the extended bilateral lesions without complete interruption 
of the left bundle branch, which he said he believed the electrocardio- 
gram indicated His criteria for determining which bundle branch 
influences the form of the electrocardiogram in bundle branch block 
had become much stricter He said he considered as essential (1) 
prolonged clinical observation, with numerous electrocardiograms, (2) 
a constant, easily measurable and not prolonged PR interval, (3) the 
absence of tach}'cardia, auricular fibrillation, disturbances of auricu- 
loventricular conduction and notably (4) the existence of no more 
than a slight prolongation of the QRS complex, since increases of 
over 0 1 second are due to extensive lesions of both bundle branches 
If the anatomic lesions are clearcut, one does not need to be so rigorous 
about the clinical features, such as the length of the period of clinical 
control He pointed out that the lesions of the bundle branches are 
almost always bilateral, which is the gieatest source of error of inter- 
pretation, and that one cannot always be sure of the conductivity of 
a few fibers which might appear intact in a severely diseased branch 
He stressed the point that if 1 of 10 sections shows definite lesions, 
one should stain and study some of the intervening sections also 

His new cases were interesting Observation I concerned a man of 
31 who had severe rheumatic lesions of the aortic and mitral valves 
and some tricuspid valvulitis He had been followed eleven years At 
first there was a normal electrocardiogram, then auricular fibrillation 
with slight right axis deviation and during the last six years auricular 

150 Mahaim, I Nouvelles recherches sur les lesions du faisceau de His- 
Tawara, le bloc de branche gauche et sa pathogenie, la septite mitrale, Ann de 
med 38 185, 1935 
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fibnllation and nght bundle branch blocks with QRS never longer than 
0 1 second , the T wave was almost iso-electric In a thorough histo- 
logic study he observed severe generalized fibrotic lesions of the left 
branch from its origin The bundle of His and the right bundle branch 
were only slightly aftected There was extensive scarring of the inter- 
ventricular septum and of the endocaidium of the left ventricle Obser- 
vation II concerned a man of 38 who had been observed for six months 
There had existed during this time an irreducible auricular flutter with 
two to one block except during paroxysms of one to one ihythm brought 
about b} effort The heart rate was usually 120 pei minute but at 
times 240 There was right bundle branch block, with a QRS interval 
of Oil second Severe initial stenosis and tricuspid valvulitis were 
observed at necrops}'’, with dilatation of the pulmonary artery and func- 
tional pulmonarj' insufficiency, the foramen ovale was widely patent 
Complete interruption of the left bundle branch at its origin was noted, 
but there were also extensive fibious and inflammatory lesions of the 
right branch due to “septitis of mitral origin ” There were also serious 
hemorrhagic lesions of the right branch of lecent origin 

In this same article Mahaim also pointed out that one must look 
carefully foi a large offshoot of the posteiior part of the uppermost 
portion of the left bundle bianch This branch, originally described 
by him,^°^ in 1932, under the title “Le bloc bilateral manque,” is sup- 
posed to arise high up near the bifuication of the bundle of His and 
to pass directly into the septal myocardium, so that even complete 
lesions of the left bundle branch a little lower would not produce bundle 
branch block In the patient in whom he discovered this offshoot there 
was active and healed septal myocarditis, with complete and extensive 
destruction of the left bundle branch and complete interiuption also 
of the right bundle branch, but idioventricular rhythm did not result 
Instead, there were a PR interval of 0 16 second, a QRS complex of 
0 14 second, with low voltage and multiple notching, and a small slightly 
diphasic T wave The mam ventricular complex was upright m lead I 
but triphasic in lead III The curves lesembled those of “aiborization 
block,” and Mahaim concluded that such curves can be due to complete 
lesions of both bundle branches He said he believed that the newly 
discovered connections can explain all disci epancies among the obser- 
vations of various investigators and the various degrees of enlargement 
of QRS The more extensn^e the lesion of the left bundle branch, the 
wider the QRS complex should be, since the excitation wave passing 
into the septal myocardium through the high offshoot would have a 

151 Mahaim, I Nouvelles recherches sur les lesions du faisceau de His- 
Tawara , le bloc bilateral manque, nouvelle forme anatomique de bloc du coeur a 
substituer au bloc dit “d’arbonsations,” Ann de med 32 347 1932 



YATER—BUNDLE BRANCH BLOCK 


39 


longer comse to follow in the more slowly conducting myocardium 
until It reached healthy elements of the Purkinje system much farther 
down 

Meessen (1935), studying the fetal calf heart, was unable to 
find connections through the intei ventricular septum between the two 
bundle branches or their network, as had been demonstrated by Card- 
well and Abramson (1931) and Wahhn (1932) In 2 human 
heaits he could not verify the special superior and posteiior connections 
of the left branch with the septum, as described by Mahaim in 1, but 
in the other he found man}^ fine connections from the left branch to 
the septum In 1 case the cuives were typical of "aiboiization block” 
of the light bundle branch Meessen found the conduction system 
intact down to the ramifications and conceived that the mjmcardium was 
cut off from the Purkmje network by fibrosis In the other the curves 
were those of right bundle bianch block, but theie was m}eloid infiltra- 
tion of the left blanch 

For the sake of completeness one should call attention to the work 
of RosenthaP®'’ (1932), who studied the conduction system of 5 hearts 
histologically but did not give details of his technic or of his studies 
In 1934 Geraudel,^'’® who has made numerous but appaiently incom- 
plete microscopic studies, stated that there are no bundle blanches or 
arborizations but that the main bundle crosses the fibrous septum and 
IS lost immediately in the interventricular septum 

In 1936 Cornell, Claytor and I leported 3 cases of auiiculoven- 
tiicular heart block due to bilateral bundle branch lesions, with detailed 
histologic studies of the conduction system In the first case the elec- 
trocardiogram showed curves of essentially supra ventiiculai type, -and 
there were fibrotic lesions practically completely interrupting both 
bundle branches In the second case the cuives weie typical of left 
bundle branch block, the upper half of the entire left bundle branch 
was almost completely replaced by dense fibrous tissue, and about one 
third of the cross-section of the right bianch was replaced by fibrous 
tissue in the upper third of the branch In the third case the cuives 
showed complexes varying from that of right to that of left bundle 

152 Meessen, H Zur normalen Histologic des Reizleitungssystems und zu 
semen Storungen, Ztschr f KreisIaufTorsch 27 42, 1935 
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branch block on difterent occasions , about 60 per cent of the track of 
the left bundle branch was leplaced by fibrous tissue, and about 75 per 
cent of the cross-section of the light blanch was likewise affected 


SUMMARIES or SIXTEEN CASES OF BUNDLE BRANCH BLOCK 
STUDIED PATHOLOGICALLY 

Before pioceeding to a more detailed description of the 6 cases 
which constitute the mam subject matter of this report, it would be 
of some value briefly to review the clinical lecords and gross morbid 
anatomic data for the 16 cases of bundle hianch block that have been 
studied, as reports of pathologic studies of such cases are raie m the 
literatui e 

Case 1 (previously reported as case 1 by Yater, Cornell and Claytor,ii 2 1936) — 
A man aged 65 jears bad dyspnea on exertion and spells of dizziness, faintness 
and unconsciousness for more than a year before death Complete heart block 
was known to have existed for three months before death, which occurred in an 
Adams-Stokes attack Electrocardiograms showed left axis deviation and did not 
suggest bundle branch block, although the histologic lesions were confined to the 
bundle branches, the auriculoventricular node and bundle being uninvolved The 
blood pressure was 160 systolic and 60 diastolic The heart weighed 450 Gm 
The mvocardium appeared to be normal The anterior descending coronary artery 
was sclerotic, and about 3 cm from its origin it was constricted to about one 
quarter of its normal caliber The other coronary arteries were somewhat thick- 
ened, but their lumens were of normal diameter The endocardium and valves 
appeared normal The pathogenesis of the bilateral bundle branch block was 
undoubted!}' due to coronary arteriosclerosis 

Case 2 (previously reported as case 2 by Yater, Cornell and Claytor.ii^^ 1936 ) — 
A man aged 63 3 ears had had Adams-Stokes attacks for nearly four years The 
blood pressure was 110 systolic and 60 diastolic Electrocardiograms made at 
intervals during this period showed numerous changes in the ventricular complex 
Before two to one heart block was established, the form was almost typically that 
of left bundle branch block After tw'O to one heart block had become established, 
the curves no longer typified bundle branch block Finally, complete heart block 
supervened, w'lth the reappearance of left bundle branch block Death occurred 
during a prolonged convulsive seizure The heart weighed 450 Gm The large 
coronary arteries were not atheromatous or thickened, and their lumens w'ere 
normal The chambers were normal in size and not dilated The myocardium 
showed no evidence of fibrosis grossly The endocardium and valves appeared to 
be entirely normal The cause of the histologic lesions of the conduction system, 
which consisted of fibrosis confined to the bundle branches (the left much more 
than the right), was coronary arteriosclerosis involving the small arteries in the 
interventricular septum, which were considerably thickened and narrowed in places 

Case 3 (previously reported as case 3 by Yater, Cornell and Claytor,ii2 1936) — 
A man aged 49 years had some dyspnea on exertion and occasional dizzy spells 
for over a year before death The blood pressure was 132 systolic and 88 diastolic 
Thrombotic occlusion of the arteries of the right leg developed, and he died while 
under an anesthetic before amputation could be i>erformed Numerous electro- 
cardiograms made during the last year of life showed varying degrees of auriculo- 
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ventricular heart block, with some periods of sinus rhythm In all the 
electrocardiograms there was evidence of impaired conduction of one or the other 
bundle branch, more often of the left The heart weighed 410 Gm The large 
coronary arteries appeared normal, with an occasional small, slightly elevated 
atheromatous plaque The myocardium was flabby and grayish red In the 
posterior wall of the left ventricle near the apex and close to the septum there 
was a small scar, 0 8 cm m diameter, with fine yellow mottling There was also 
suggestion of scarring in the interventricular septum near the base anteriorly The 
endocardium and valves were apparently normal The pathogenesis of the incom- 
plete but severe fibrosis of the two bundle branches was, again, probably due to 
disease of the coronary arteries The small intramyocardial arteries were sur- 
rounded b}" much more than the normal amount of fibrous connective tissue 

Case 4 (case 1 of the present report) — ^This was a case of right bundle branch 
block The heart weighed 400 Gm There was healed mitral valvulitis, without 
much stenosis The large and small coronary arteries were dilated and thin 
walled There was complete destruction of the right bundle branch bj^ a dense 
myocardial scar A few small scars were present elsewhere. 

Case 5 (case 2 of the present report) — This was a case of right bundle 
branch block The heart weighed 560 Gm There was extreme mitral scarring, 
with stenosis The aortic and tricuspid valves were slightly affected The large 
coronary arteries were not very sclerotic There was a large scar in the endo- 
cardium of the left upper half of the interventricular septum The right bundle 
branch was completely replaced b}”- fibrous tissue m part of its course, the left 
branch was compromised by endocardial fibrosis 

Case 6 (case 3 of the present report) — This was a case of right bundle branch 
block, with paroxysms of various degrees of partial auriculoventricular block and 
asystole The heart weighed 450 Gm It was not dilated, but all the chambers 
were hypertrophied, especially the left auricle, right ventricle and interventricular 
septum There was extensive thickening of the endocardium, especiallj’’ over the 
upper half of the left side of the interventricular septum The myocardium shovved 
streaks of fibrosis, most marked in the septum The coronary arteries and the 
valves were normal Serial sections showed extreme fibrosis of the myocardium, 
partial destruction of the auriculoventricular bundle by fibrosis, complete replace- 
ment of the lower half of the right bundle branch by fibrous tissue, almost 
complete destruction of the left bundle branch and sclerosis of the media of the 
small coronary arteries 

Case 7 (case 4 of the present report) — This was a case of “incomplete” left 
bundle branch block The heart weighed 460 Gm The left ventricle was hyper- 
trophied The coronary arteries were thin and dilated The valves were normal 
The myocardium was practically normal Serial sections showed the right bundle 
branch to be moderately fibrotic, and the left brdnch showed extensive interstitial 
fibrosis 

Case 8 (case 5 of the present report) — This was a case of “incomplete” left 
bundle branch block The heart weighed 550 Gm and was dilated There was 
severe coronary arteriosclerosis, with complete thrombotjc occlusion of the anterior 
interventricular artery There was an old healed infarct of the lower half of 
the interventricular septum and of the apical region of the left ventricle The 
valves were normal Serial sections showed moderate fibrosis of the midportion 
of the right bundle branch and severe compression of the left branch by fibrous 
tissue, with complete disappearance of the anterior division in the region of the 
infarct 
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Case 9 (case 6 of the present report) —This was a case of left bundle branch 
block The heart weighed 575 Gm and was greatly dilated There was not much 
coronary arteriosclerosis The mjmcardium did not appear abnormal The valves 
were normal Serial sections showed small discrete scars in the myocardium 
The auriculoventncular node and bundle were moderately fibrotic There were 
moderate fibrosis of the first portion of the right bundle branch and moderate 
and variable interstitial fibrosis of the left branch 

Case 10 (Army Medical Museum accession no 38706) — A man aged 43 years 
had been known to have a cardiac disorder for a year before death, with weakness, 
dyspnea on exertion and later progressive edema with orthopnea The blood 
pressure was 106 sjstolic and 88 diastolic An electrocardiogram showed left 
bundle branch block, without increase in amplitude of the ventricular complex 
The heart weighed 490 Gm and was dilated The anterior descending coronary 
artery was calcified, with great reduction in the size of the lumen and a recent 
red thrombus The left circumflex: artery was similar, but the right coronary 
artery, although sclerotic, had a good lumen A large infarct invohed the apex 
of the left lentricle, and the interventricular septum was thinned and scarred 
The latter was covered by a much thickened endocardium A mural thrombus 
filled the apex of the left \entricle The valves appeared normal A histopathologic 
study of the conduction system has not been made 

Case 11 (Arm> Medical Museum accession no 40539) — A man aged 55 jears 
began to ha%e palpitation of the heart fi%e years before he died and was told he 
had a large heart For two years before death he had attacks of congestive 
heart failure The heart w'as found to be large, and there was evidence of aortic 
regurgitation The blood pressure was 164 systolic and 100 diastolic Eight 
electrocardiograms made at internals during the last eight months showed left 
bundle branch block, w'lth little variation The heart weighed 770 Gm and w'as 
dilated The hypertrophied myocardium w'as streaked with fibrous tissue The 
aortic valve W'as thickened, ivith rolled free edges, and the anterior cusps were 
fused by a mass of calcium at the commissure There was also extensive calcifica- 
tion at the line of attachment of the posterior cusp The other valves w'erc 
essentially normal There W'as severe coronarj' arteriosclerosis, especially of the 
anterior interventricular artcr}', which was nearly occluded by the sclerosis Serial 
sections were made of the conduction sjstem but were not satisfactory 

Case 12 (Army Medical Museum accession no 40621) — A man aged 42 years 
had a cardiac attack suggestive of thrombosis of the coronary aitenes two months 
before he died, w'hich was the first indication of heart disease The highest blood 
pressure was 145 systolic and 95 diastolic Anginal attacks followed Death 
occurred unexpectedly An electrocardiogram showed "incomplete” left bundle 
branch block The heart w'eighed 600 Gm The anterior descending coronary artery 
W'as calcified and had a small lumen, w'hich was filled with a recent thrombus The 
right coronary artery was sclerotic but not occluded There was a large healing 
infarct of the lower anterior wall and apical region of the left ventricle, and this 
area was covered by a large, flat mural thrombus The valves appeared normal 
A histopathologic study of the conduction system has not been made 

Case 13 (Army Medical Museum accession no 41621) — A man aged 62 years 
began to have attacks of dyspnea and precordial pain three months before he died 
There was evidence of pulmonary congestion The blood pressure was 95 systolic 
and 70 diastolic Five electrocardiograms were made and were similar, showing 
left bundle branch block without increased amplitude The heart weighed 670 
Gm , but the much thickened adherent pericardium probably accounted for 150 Gm 
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The heart was considerably dilated The coronary arteries were all sclerotic and 
more or less completely calcified Each of the anterior and posterior interven- 
tricular arteries was occluded by the sclerosis in its distal half There was a large 
partially healed infarct involving the lower and anterior half of the interventricular 
septum This area was thin and bulged into the right ventricle, it was covered 
on the left ventricular surface by a friable grayish red lamellated thrombus The 
apical region and the lower portion of the anterior wall of the left ventricle were 
involved m the infarction The valves were essentially normal except for some 
atheromatosis of the aortic cusps and of the aortic leaflet of the mitral valve 
Serial sections were made of the conduction system but were not satisfactory 

Case 14 (Army Medical Museum accession no 42974) — A Negro aged 48 
years had been dyspneic for six months and had had a cough with expectoration 
of blood Paroxysmal nocturnal dyspnea had developed The blood pressure was 
150 systolic and 130 diastolic An electrocardiogram showed left bundle branch 
block, with low amplitude m lead I The heart weighed 155 Gm There were 
scars m the mterventi icular septum, at the bases of the papillary muscles and m 
the apical region of the left ventricle The anterior descending artery showed 
moderate sclerosis but not much diminution m the caliber of the lumen, the other 
coronary arteries were only mildly sclerotic Serial sections of the conduction 
S 3 'stem were made but were not satisfactory 

Case 15 (Army Medical Museum accession no 43235) — A man aged 79 years 
had had some dyspnea for seven years, and an electrocardiogram showed impaired 
auriculoventricular conduction at the beginning of that time For about a year 
two 3 '^ears before death the heart rate varied a great deal but was often slow, 
being often as low as 28 An electrocardiogram made two years before death 
showed two to one heart block, a QRS interval of 0 14 second, a large R wave 
and a large notched S wave in the three conventional leads and an upright T 
wave m these leads An electrocardiogram made a year before death showed 
complete heart block, the same QRS complex in lead I, a small notched R wave 
and a large notched S wave in lead II, no R wave but a deep slurred S wave m 
lead III, a large upright T wave in all three leads, occasional coupling of ventricular 
complexes and frequent ventricular extrasystoles An electrocardiogram made a 
month before death showed sinus rhythm, with a PR interval of 0 22 second and 
typical left bundle branch block, with a QRS interval of 014 second Death 
resulted from heart failure The heart weighed 650 Gm There was hypertrophy 
of both ventricles, especially the left There was moderate sclerosis of the coronary 
arteries but no appreciable reduction in the caliber of their lumens The aortic 
valve was calcified, and the right and left anterior cusps were fused A spur of 
calcium extended downward a short distance from the right side of the calcified 
posterior cusp into the left ventricle m the interventricular septum The other 
valves were essentially normal There was no gross scarring of the myocardium 
Serial sections of the conduction system were made but were not satisfactory 

Case 16 (previously reported by Yater and Shapiro woman aged 21 

years had been told she had heart disease at the age of 7 years There was a long 
harsh systolic murmur which was loudest at the left sternal border Electro- 
cardiograms showed left axis deviation, a variable direction of the T wave in 

157 Yater, W M, and Shapiro, M J Congenital Displacement of the 
Tricuspid Valve (Ebstein’s Disease) Review and Report of a Case with Electro- 
cardiographic Abnormalities and Detailed Histologic Study of the Conduction 
System, Ann Int Med 11.1043, 1937 
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lead I and a QRS interval of 0 16 second Death occurred unexpectedly during 
the night The heart weighed 275 Gm and was typical of Ebstein’s disease or 
congenital displacement of the tricuspid valve down into the right ventricle The 
right side of the heart was greatly enlarged but not hypertrophied Serial sections 
of the conduction system did not show lesions, but the course of the right bundle 
branch was somewhat anomalous 


ANATOMY or THE CONDUCTION SYSTEM 

The anatomic and histologic structure of the conduction system has 
been well described by Keith, His, Tawara, de Witt and others The 
smo-auncular node (Keith-Flack), or pace-maker, is not of concern 
heie However, briefly, it is a relatively long flat bundle of small thin 
compact interlacing fibers m a groundwork of connective tissue, situ- 
ated subepicardiall}'^ just below the mouth of the superior vena cava, 
with its longitudinal axis m the sulcus terminalis Its cross-section is 
fusiform or roughly triangular, and a comparatively large artery runs 
down the middle There aie also a number of arterioles in its sub- 
stance, nerves and nerve ganglions are present subepicardiall)'- m its 
vicinity, and often nerves are seen at its edge Rarely a nerve cell is 
seen in the substance of the node The fibers of the node resemble 
myocardial fibers but are much smaller, they show cross-striations in 
good sections 

The auriculoventricular node (Tawara) lies close to the right side 
of the posterior portion of the central fibrous body, that is, m the right 
auricle a short distance anterioi to the orifice of the coronary sinus 
and just above the attachment of the medial oi septal cusp of the tri- 
cuspid valve A relatively large arteiy with branches usually runs 
through It This node resembles the smo-auncular node in structure 
but is not so compact and contains somewhat less connective tissue 
Its fibers are slightly thicker, and their cross-striations are more fie- 
quently visible They are arranged m whoils At the beginning of 
the node, that is, in its most posterior portion, its fibers are looser at 
the periphery and merge with the auriculai myocardium In older 
persons there is often considerable fatty connective tissue adjacent to 
the node on its superficial surfaces 

After a short distance, i oughly 0 5 cm , the node invades the central 
fibrous body and becomes the auriculoventricular bundle (Kent, His), 
without any definite line of demarcation The bundle runs obliquely 
downward in the lower part of the central fibious body to the lower 
edge of the membranous portion of the interventricular septum, being 
often separated by some fibrous tissue in its anterior part from the 
myocardium of the septum It has no true sheath but is contained 
largely within the central fibious body, which protects it The fibers 
of the bundle are larger than those of the auriculoventricular node and 
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run in paiallel bundles They lesemble moie the ventricular fibers 
but do not contain so much myoplasni The connective tissue frame- 
work IS delicate, and there is no mam artery but a number of aiterioles 
and venules Sometimes m older peisons there is a fair amount of 
adipose connective tissue m the bundle 

The auiiculoventncular bundle itins for about 1 to 1 2 cm and 
divides into light and left branches The right branch appears to be 
more a continuation of the bundle and passes downward beneath the 
juncture of the medial and anterior leaflets of the tricuspid valve as 
a whitish threadlike process, at fiist being beneath the endocardium 
and not alwa 3 ^s distinctly separated from the sui rounding cardiac 
muscle A short distance down, about 0 5 cm , the branch comes to 
he more deeply in the myocaidium, wheie it runs in a cleft of con- 
nective tissue After a variable distance, roughly 1 cm , it giadually 
woiks its way out along a cleft m the myocardium to the subendocar- 
dium again Here it continues for about another 1 cm , spreading out 
to become a thin sheath of Purkinje fibeis neai the base of the anterior 
papillary muscle of the right ventricle, beyond which point it can rarely 
be recognized microscopically in the human heait In its course it 
passes downward and anteriorly in the middle of the tiabeculum of 
the ventricle, which corresponds to the model ator band of the beef 
heart The fibers of the right branch are about the same size or a 
little larger than those of the myocardium, but they are usually paler 
They are parallel and close together, and they often closely resemble 
the myocardial fibers On cross-section the bianch is variable in shape, 
being fusiform, oval, round or triangulai m different portions 

The left bundle branch spieads out from the auriculoventricular 
bundle on the left side of the interventricular septum, at first as a thin 
layer of fibers It is subendocardial throughout most of its course and 
becomes much thicker as it descends in the septum It also gradually 
spreads out like a fan beneath the endocardium, and in the lower half 
of the septum it often divides into anteiior and posterior divisions, 
one passing to the region of the base of the anteiior papillary muscle 
and the other to the base of the posterior papillary muscle In this 
region the Puikinje fibers rapidly spread out subendocardially among 
the usually numerous trabeculae and are no longer definitely recogniz- 
able The endocardium is usually thicker in the uppei part of the 
septum and contains discrete groups of smooth muscle fibers, which 
should not be mistaken foi Purkinje fibers Normally there is only a 
small amount of loose areolar connective tissue sepaiating the bundle 
branch from the endocardium superficially and the myocardium deeply 
The appearance of the fibers of the left branch in horizontal sections 
depends on the size of the heart and the degree of dilatation, as well 
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as on the portion of the septum being examined These fibers are 
large! and much paler than myocardial fibers, containing a much less 
dense inyoplasin The myofibrils are more peripheral and more promi- 
nent, the cross-striations are usually leadily observed but not as dis- 
tinctly as m the myocardium The Purkmje fibers become largei as 
the branch descends Offshoots from the branch into the myocardium 
are practically never recognized in the human lieait 

The vascularization of the conduction system has been capably 
studied, notably by Haas (1911), Tandler^®" (1913), Gross 

(1921), Mouchet^o^ (1922), Ciaimcianu ( 1922 ) and Spalteholz 
(1924) The auriculoventricular node and bundle are supplied with 
blood almost entirel}^ by one special aitery, the lamus septi fibrosi, or 
the first posterioi peiforating artery, Avhich passes forward into the 
aui iculoventi iculai septum from the origin of the posterior descending, 
or interventricular, artery just at the point posteriorly where the two 
auricles and two ventricles meet In approximately 90 per cent of 
hearts this is a branch of the right coionary artery, from the posterior 
extremity of its left ciicumflex branch, this artery then passing down- 
ward as the posterioi descending artery The anterior descending, or 
inteiventiicular, artery may give a minor portion of the blood supply 
of the auriculoventricular bundle, especially in its anterior portion 
As a rule the origin of the bundle branches also takes its main vascu- 
larization from this ramus septi fibrosi, but there are numerous varia- 
tions The vascular supply of the bundle branches is less positively 
known than that of the auriculoventricular node and bundle, but there 
IS a general more 01 less definite arrangement The aitenes arise from 
the anterior and posterior descending, 01 interventricular, arteries and 
perforate the interventricular septum, passing towaid its middle, where 
they anastomose to a certain extent The left bundle branch, being 
spiead out ovei the subendocardial surface of the left side of the septum 
and divided usually into an anterior and a posterior division, or ramifi- 
cation, has its blood supply both from the perforating septal branches 
of the anterior and from those of the posterior descending arteiy In 
a general way the anterior perforating aitenes supply the anteiior divi- 
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Sion of the left bundle branch, and the posterior peif orating arteries 
supply the posterior division The vascularization of the right bundle 
branch, a threadlike fasciculus, is not so definitely known but is most 
probably almost entirely derived from the perforating septal arteries 
of the anterior descending arteiy except, perhaps, m its terminal por- 
tion, which may receive some of its blood supply from the lower poste- 
rior perforating arteries The upper third of the branch is piobably 
supplied mainly by the two uppermost anterior perforating arteries and 
the middle third by a special bianch of the second perforating artery, 
the ramus limbi dextri (Gioss) This same special artery probably 
nouiishes most of the lower third of the branch The anastomoses 
between the anteiior and the posterior perforating arteries are probably 
very fine and not particularly effective m cases of sudden obstruction, 
as has been shown so well by Cramicianu In slow obliteration these 
anastomoses are probably more efficacious m maintaining an adequate 
blood supply than m sudden occlusion 

Thus it IS seen that the blood supply of the auriculoventncular node 
and bundle and of the posterior division of the left bundle branch comes 
mainly from the perforating septal arteries of the posterior descending, 
or interventricular, artery (m 90 per cent of the cases a branch of the 
right coronary artery), whereas the blood supply of the right bundle 
branch and of the anterior division of the left branch is almost entirely 
derived from the perforating septal blanches of the anterior descending, 
or interventricular, artery 

HISTOLOGIC TECHNIC 

A full time expert technician can properly prepare on the average 
4 to 6 hearts per year for study of the conduction system Unfortu- 
nately, at least 1 of these heaits must usually be discarded because of 
technical flaws due mainly to the difficulties of making thousands of 
uniformly good sections of a heart 

It IS best not to keep a heart more than a few months, and the solution of 
formaldehyde employed should not be allowed to become more concentrated than 
a 1 10 dilution of the U S P (40 per cent) solution After the blocks of tissue 
have been embedded in paraffin, soaking them in water for from one to three 
weeks improves the quality of the cardiac muscle for sectioning There is no 
specific stain for the conduction system, since the fibers are structurally very 
similar to those of the myocardium In a fresh heart there may be more glycogen 
in the Purkinje fibers, but the use of some stain for glycogen, such as Best’s car- 
mine dye, is impracticable for routine work or extensive studies Masson’s trichrome 
stain gives the best coloring effects for study The myocardium and conduction 
tissue are red, and connective tissue is green In photomicrographs the parenchyma 
IS dark, and the fibrous tissue is light, with a light red filter Van Gieson’s picro- 
fuchsin stain is also good, but it fades after a time This stains the parenchyma 
yellow and the connective tissue red, and m photomicrographs the paienchyma is 
light and the connective tissue dark 
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The use of a dissecting microscope is invaluable for orientation and for study- 
ing so many sections, although a regular microscope must also be used frequently 
The use of a dictaphone is time-saving when sections are being described 

It IS vital to follow the bundle branches from beginning to end by means of 
serial sections, since one may not be able to identify them otherwise when they 
are the seat of lesions This is especially true of the right branch, which is so 
small in diameter and so similar histologically to the myocardium that often it 
may not be definitely recognized in isolated sections, especially m its intramyo- 
cardial portion It can be traced from below upward as well as from above 
downward, since in its lower subendocardial portion it is as easy to identify 
as it is from its origin in the bundle of His However, lesions of the right branch 
are easier of interpretation than those of the left branch for the very reason that 
the right branch is so slender and readily studied in individual sections When 
the left branch is diseased it sometimes happens that the isolated Purkmje fibers 
are difficult to distinguish from the fibers of the myocardium subjacent to the 
endocardium This is especially true in the lower third of the interventricular 
septum, where the left branch is spreading out and dividing into smaller groups 
of Purkmje fibers Purkinjc fibers in the substance of the myocardium of the 
human heart are impossible to recognize but undoubtedly exist, just as they do in 
the hearts of large animals There is considerable variation in the anatomic 
features of the left branch, the division into two portions about the middle of the 
septum, the anterior and the posterior, being often indefinite 

It IS well not to make too many blocks from the septum but to make the blocks 
as large as possible and to include the whole thickness of the septum Technicians 
complain but can usually make the sections satisfactorily if they are efficient The 
branches are much more easily followed with fewer blocks Usually 3 or 4 blocks 
can be cut to include the entire microscopically recognizable portion of the con- 
duction system 

REPORT or SIX C\SES OT BUNDLE BRANCH BLOCK, WITH 
DETAILED HISTOPATHOLOGIC STUDY Or THE 
CONDUCTION SYSTEM 

Case 1 (Army Medical Museum accession no 46390) — Chmcal Record — 
The patient was SO years old at the time of his death on Feb 26, 1935 From his 
thirteenth year on he had lived a roving, dissipated life, changing occupations fre- 
quently, but apparently always making a “good living ” In the course of his many 
occupations he had been a soldier, farmer and lineman Until 1924 he had been 
in good health Then he began to have dyspnea and lack of endurance His 
blood pressure was first recorded in 1932, when it was 130 systolic and 82 diastolic 
From that time there had been a steady increase in the blood pressure to 186 
systolic and 136 diastolic shortly before death He was first hospitalized with 
symptoms of cardiac embarrassment on Nov 6, 1934, and two days later the first 
electrocardiogram showed the presence of “incomplete” right bundle branch block 
The heart was enlarged to the left as far as the anterior axillary line A loud 
blowing systolic murmur was heard over the entire precordium but was loudest 
at the apex The second heart sound at the apex was slightly reduplicated inter- 
mittently Occasional premature beats were noted There were three subsequent 
hospitalizations, all because of cardiac distress, which was more pronounced each 

164 Major John G Knauer gave me permission to use the lecords of this case 
and to study the heart 
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time Enlargement of the liver was not detected until January 1935 Edema 
of the lower extremities was present only once, two weeks before death, although 
orthopnea and marked hepatic congestion had been present for three weeks Evi- 
dence of edema of the bases of the lungs was noted only in November 1934, 
otherwise edema was inconspicuous, and little was observed at necropsy 

The entire illness was essentially due to chronic heart failure, although the 
actual terminal event was acute perforation of the duodenum at the site of an old 
peptic ulcer, with resulting general peritonitis A diagnosis of quiescent duodenal 
ulcer was made in March 1932, but symptoms referable thereto were almost 
negligible until the afternoon prior to the day of death 

The electrocardiograms recorded on Nov 6 and 27, 1934, and on Jan 22, 1935, 
were m general similar The QRS complex measured 0 125 second and showed a 
deep S wave in lead I and an upright initial ventricular complex in lead III, with 
marked broadening and slurring or notching in all three conventional leads The 


_ 



2 
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Fig 1 (case 1) — Right bundle branch block The QRS interval was 0 125 
second 


T waves were not directed opposite!}’’ to all the mam ventricular complexes, 
however, except m the last record (fig 1) The PR interval was 0 162 second 
The electrocardiogram made on Nov 27, 1934, showed also an interpolated 
extrasystole preceded by the P wave and a shortened PR interval , the mam initial 
ventricular complex was upright in lead I and down in lead III, with the T wave 
directed oppositely The QRS complex was broad and slurred A solitary QRS 
complex in lead I was of normal width and form and was preceded by a normal 
P wave with the same PR interval as in the majority of the QRS complexes, 
it was followed by an inverted T wave, in contradistinction to the QRS complexes 
elsewhere in the record, which were followed by positive T waves 

Necropsy (performed by Dr Earl R Lundeberg) — ^Necropsy was performed 
on the embalmed body the third day after death The following anatomic diag- 
noses were recorded after a thorough examination acutely perforated duodenal 
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ulcer, generalized peritonitis, severe doudy swelling of the kidnejs, acute septic 
lymphadenitis of the abdominal nodes, follicular hyperplasia of the spleen, fibrosis 
and cloudy swelling of the liver , cardiac hypertrophy (heart unopened at the 
time) , congestion of the lungs, liver and kidneys , moderate atherosclerosis of 
the aorta, with moderate dilatation , calcification of the iliac arteries , cholelithiasis , 
chronic fibrous cholecystitis , slight apical pulmonary emphysema , a calcified 
tubercle m the right lung , simple cysts of the kidneys , an accessory spleen , 
bilateral arcus senilis, slight senile atrophy of the cerebral cortex, multiple 
ulcerations of the skin, and emaciation 

Gross Examination of the Heart The heart weighed 400 Gm There was 
no pericarditis The left auricle was moderately dilated but not hypertrophied 
The mitral valve showed a moderate degree of healed valvulitis, mainly at its free 
edge and especially on the aortic leaflet, which was considerably thickened at 
its edge and had one definitely thickened and other slightly thickened chordae 
tendineae There was little stenosis, the effect of the lesion having been mainly 
regurgitation The left ventricle was slightly hypertrophied The aortic valve 
was apparently normal, and the root of tlie aorta was only moderately atheromatous 
The right auricle was moderately dilated The tricuspid valve was apparently 
normal The right ventricle was moderately hypertrophied and dilated The 
pulmonary valve appeared normal The endocardium and myocardium throughout 
appeared normal The coronarj' arteries were considerably dilated throughout and 
only moderately atheromatous 

Histopathologic Examination of the Heart Foui blocks were removed from 
the auriculoventricular and interventricular septums, which included practically 
all the microscopically recognizable portion of the conduction system Block 1 
included the entire thickness of these septums and contained the auriculoventricular 
node and bundle and the origins of the bundle branches Serial sections were 
made vertically from behind forward so that the conduction system could be 
followed progressively from its origin Block 2 included a long section of the 
right side of the interventricular septum and contained most of the right bundle 
branch Blocks 3 and 4 included between them all the left side of the inter- 
ventricular septuln and therefore most of the left bundle branch Blocks 2, 3 and 4 
were cut serially from above down m the horizontal plane All blocks were 
embedded in paraffin, and the serial sections were 10 microns thick All sections 
were mounted and kept, but only everj^ tenth one was stained, except m certain 
areas where others were also stained Masson’s tnehrome stain was used mainly 
Block 1 was cut into 2,490 sections, block 2 into 2,480 sections and block 3 into 
1,500 sections Only part of block 4 was cut, since it stained poorly 

The auricular myocardium was moderately fibrotic , the blood vessels throughout 
were greatly dilated, as thej' were elsewhere in the heart The arteries showed 
little sclerosis The auriculoventricular node was fibrosed in its first portion to 
the extent of about 50 per cent by an increase in interstitial connective tissue 
As it reached its greatest diameter, this fibrosis decreased, and the node became 
almost normal The artery to the node was large and dilated and had several 
branches Because of the dilatation the course of the arteries was easily followed 
Adjacent to the central fibrous body, nearer its left side, there was a large area 
of fatty replacement of the auricular myocardium The bundle of His was 
moderately fibrotic in its inferior half Toward its end it became even more 
fibrosed, being replaced about 50 per cent by fibrous tissue The endocardium 
on the left side of the interventricular septum was somewhat thickened The left 
bundle branch in its upper jiart contained dense fibrous tissue among its fibers 
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but these were apparentl}^ not badlj’’ damaged Subjacent to the branch m its upper 
part there was replacement of the peripheral portion of the myocardium by dense 
fibrous tissue As far down as the left bundle branch was traced it contained 
more than the normal amount of interstitial connective tissue The bundle of 
His continued as usual into the right bundle branch The first portion of this 
branch was densely fibrosed In its beginning it was cut longitudinally and was 



Fig 2 (case 1) — Section 1,580, block 1, showing in vertical cross-section the 
moderately fibrotic aunculoventricular bundle (AVB), the moderately fibrotic left 
bundle branch (LBB) and the densely fibrotic right bundle branch {RBB ) , X 75 


mainly a mass of hyaline fibrous tissue, with a few conduction fibeis embedded 
therein (fig 2) The peripheral portion of the myocardium subjacent to the 
right bundle branch was almost entirely replaced by dense fibrous tissue As the 
branch descended m its first few millimeters this area of myocardial fibrosis 
widened out into a solid scar, several millimeters in diameter, in which the right 





Fig 3 (case 1) —Section 470, block 2, showing the dense, solid scar in the 
interventricular septum in which the right bundle branch has become completely 
destroyed, X 117 


gradually assumed a more nearly normal appearance and gradually approached 
the slightly thickened endocardium, where it spread out in its usual way Through- 
out this part of its course it contained a little more than the normal amount of 
interstitial connective tissue The upper half of the interventricular septum, par- 
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ticularly the myocardium, m general, contained a little more than the normal 
amount of connective tissue between the muscle fibers Most of the muscle 
fibers were somewhat shriveled, owing probably to long fixation in solution of 
formaldehi'de There were also a few small scars in the myocardium besides the 



Fig 4 (case 1) — Section 850, block 2, showing in cross-section the right 
bundle branch {RBB) gradually emerging from the lower peripheral portion of 
the scar shown m figure 3 , X 263 


main one already described The vessels throughout were dilated and thin 
walled, and endothehum-hned blood spaces of various sizes and shapes were 
numerous In a few areas there was discrete diapedesis of erythrocytes Many 
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of the arteries, especially the larger ones, ivere surrounded by more than the 
normal amount of connective tissue The capillaries and arterioles in the bundle 
branches were often intensely engorged The tricuspid valve as it appeared in the 
sections was essentially normal 

Summa] y A man aged 50 years presented evidence of heart disease for more 
than a year before his death, but the etiologic factor thereof was not clear Shortly 
before death occurred the liver became engorged, but there was little edema 
detectable otherwise Electrocardiograms showed “right bundle branch block,” 
which was not complete, however, until just before death General peritonitis, 
the result of acute perforation of a chronic duodenal ulcer, hastened death The 
heart was moderately enlarged The mitral valve showed healed valvulitis which 
had produced regurgitation but not much stenosis The coronary arteries were 
all dilated and thin walled Serial sections of the conduction system showed some 
fibrosis of the aunculoventncular node and bundle The left bundle branch 
contained definitely more than the normal amount of interstitial connective tissue 
throughout The first portion of the right bundle branch was very fibrotic, and 
in a short part of its intramj'ocardial course it was completely destroyed by involve- 
ment in a dense peripheral mj-ocardial scar The remainder of the branch was 
relatively normal The myocardium in general was somewhat fibrotic and con- 
tained a few small definite scars 

Comment — The pathogenic factor in this case was probably ancient 
iheumatic aiteiitis which produced myocardial infarction in the region 
of the intramyocardial portion of the right bundle branch and destroyed 
a portion of it The vascular disease had resulted in thinning and dila- 
tation of the vessels The only other plausible explanation tvould be 
that the myocaidial changes resulted from iheumatic myocarditis, but 
the chaiacter of the lesions was much more suggestive of healed infarcts 
The small scars weie not large enough greatly to compromise the func- 
tion of the myocardium The arterial disease, however, had pioduced 
malnutrition of the left bundle branch and of the endocardium, with 
resulting moderate but extensive interstitial fibrosis of the branch The 
fibrotic condition of the bundle of His was not severe enough to produce 
impairment of aunculoventncular conduction The bundle branch 
block was ceitainly of many yeais’ standing, since the lesions all indi- 
cated great age, but there was no history of the time of onset of the 
rheumatic infection The electrocaidiogram did not show the laige 
voltage originally described for bundle branch block, but it fulfilled the 
original ciiteria in othei respects Speculation would be interesting 
but inconclusive in regard to the cause of the single QRS complex of 
normal form referred to 

Case (Army Medical Museum accession no 50187) —C/uuca/ Record — 
Mrs E M , a housewife aged 46 years, was admitted to the Torbett Sanatorium 
and Diagnostic Clinic, Marlin, Texas, on March 26, 1936, complaining of shortness 
of breath, flutter and palpitation of the heart, pain in the chest and swelling of the 

165 Dr J Walter Torbett Jr , of the Torbett Sanatorium, gave me permission 
to use the records of this case and to study the heart 
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feet and legs She had typhoid in childhood and many typical attacks of inflam- 
matory rheumatism between the ages of 8 and 33 years She had an operation 
for gallstones fifteen 3 ’-ears before entry Dyspnea on exertion and precordial 
pain had first been noted nine years before entry, but she had not consulted a 
physician These symptoms did not become severe until four years before entry, 
when more dyspnea, wheezing and rattling noises in the chest and a sense of 
oppression or dull aching in the chest and neck developed She attributed these 
sj^ptoms to obesitj^ attempted to reduce and went to bed for a while, still 
witliout consulting a physician Attacks of “asthma” lasting three to four weeks 
then began to occur about twice a j'ear She improved somewhat, but one and a 
half 3 'ears before she w'as admitted to the hospital her heart began to “flutter and 
skip and beat fast,” and there \vas considerable pain m the chest A physician 
then told her that she had an enlarged heart, with leakage and irregular action 
Six months before admission to the hospital she began to have orthopnea, with 
se\ere coughing at the onset, and two months before entry, edema appeared in the 
feet and gradually ascended to the waist Recently she had coughed up frothy 
pink material She had not taken an 3 '- medicine for her heart 

Ph 3 Sical examination re^ealed an obese orthopneic w'oman, with cyanosis of 
the ears, fingers, toes and lips The ^elns of the neck were greatly distended 
The arterioles of the retinas show'ed moderate tortuosity and some arteriovenous 
compression, and the margins of the optic disks were slightly blurred There 
were impaired resonance, W'lth some diminution of intensity of the breath sounds, 
and moist rales at the bases of the lungs The apex beat was diffuse, and the 
exact size of the heart could not be determined The heart sounds were muffled 
and distant The cardiac rlnthm was totally irregular, and the rate was about 
100 per minute A distant to and fro murmur heard over the apex and along 
the left sternal border w'as thought to be that of mitral stenosis The radial 
pulse was almost imperceptible The blood pressure w'as determined with difficulty 
and W'as about 110 systolic and 40 diastolic There was marked pitting edema 
of the lower extremities, the abdomen and the back The edge of the liver could 
not be felt because of the obesity and edema The temperature was normal 
The urine contained albumin, grade 2 A hemogram and the blood urea were 
normal Wasscrmann and Kahn tests of the blood gave a negative reaction 

Electrocardiograms show’ed typical right bundle branch block, auricular fibrilla- 
tion and an occasional ventricular extrasystole (fig 5) The rate varied from 
110 to 120 per minute according to the number of premature beats The amplitude 
was not appreciably increased The QRS interval was 0 12 second Definite 
notching w’as present in lead II There w'as slight variation in the configuration 
of the complexes Electrocardiograms on tw'o consecutive days showed the T wave 
broader and rounder and the heart rate considerably slower on the second day 
The patient was given the usual treatment for congestive failure, although 
there were some diuresis and slowing of the heart rate to 70 per minute She 
died on April 2, seven days after admission to the hospital 

Necropsy — Permission for necropsy included only study of the chest The 
heart was removed three hours after death and placed in solution of formaldehyde 
U S P diluted 1 10 

Gross Examination of the Heart The heart weighed 560 Gm The two 
layers of the pericardium were almost completely adherent because of old fibrous 
adhesions The large coronar 3 '- arteries were relatively little affected by any 
degenerativ'c process The aorta showed practically no atherosclerosis The left 
auricle was hypertrophied and dilated, grade 2 There were tw'o smooth, hbrous 
plaques, about 1 5 cm in diameter, m the endocardium of the posterior wall The 
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mitral valve was densely fibrotic and largely calcified, and theie was stenosis, 
grade 4, of the auriculoventncular orifice The chordae tendmeae were moderately 
thickened and greatly shortened The cavity of the left ventricle was relatively 
small The wall w'as 2 3 cm thick in its upper third The aortic valve was 
moderately fibrotic, and its two anterior cusps were fused There had evidently 
been a little stenosis and regurgitation The membranous portion of the inter- 
ventricular septum was thickened and fibrotic In the left ventricle just below 
the junction of the membranous and muscular portions of the septum there was a 
circular fibrous plaque, about 1 cm in diameter, directly m the track of the first 
part of the left bundle branch (fig 6) It had a thick, elevated, rounded rim 
and a depressed center The remainder of the endocardium of the left ventricle 
appeared normal cvcept for an area below the plaque, w'here it was a little 
thickened and w'hite There w'ere some small patches of w'hite fibrous tissue 
in the myocardium and some thin fibrous linear areas The right auricle was 
hypertrophied and dilated like the left The tricuspid valve showed fibrous 



Fig 5 (case 2) — Auricular fibrillation and right bundle branch block, with a 
QRS interval of 0 12 second and a ventricular premature contraction 

scarring, with fusion between the septal and the anterior leaflet, but the function 
of the \alve apparently had not been much altered The valve at the area of 
scarring was considerably thickened just at the point where the right bundle 
branch arises, and for some distance below that the endocardium was apparently 
thickened The right ventricle was not much dilated Its wall was 0 75 cm thick 
m Its upper third The pulmonary valve appeared normal, and the pulmonary 
artery was smooth 

Histopathologic Examination of the Heart Three blocks were removed from 
the heart which included the lower part of the auriculoventncular septum and 
the major portion of the interventricular septum All 3 included the entire thick- 
ness of the septums Blocks 1 and 2 contained the greater portion of the conduction 
system Block 1 contained the auriculoventncular node and bundle and the origins 
of the bundle branches Serial sections were made vertically from behind forward 
so that the conduction system could be followed progiessively from its origin 
Block 2 included the upper two thirds of the interventricular septum and contained 
the major portion of the two bundle branches This block was cut serially from 
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above down in the horizontal plane Block 3 was embedded in paraffin but was 
not cut, since the important lesions were found to be in block 2 and only a small 
portion of the two branches remained in block 3 Blocks 1 and 2 were embedded 
in paiafifin, and the serial sections were 10 microns thick All sections were 
mounted, but only every tenth one was stained Masson’s trichrome stain was 
used All sections were numbered and kept permanently Block 1 was cut into 
2,080 sections and block 2 into 1,820 sections 



Fig 6 (case 2) — The opened left ventricle, showing the left side of the mtei- 
ventricular septum with the circular fibrous plaque (6") just below the aortic valve 
in the track of the first part of the left bundle branch 


The auricular myocardium in block 1 was considerably degenerated There 
was a moderate increase m the amount of interstitial fibrous connective tissue, 
and many of the myocardial fibers showed degeneration mainly in the nature of 
edema, giving a vacuolated appearance The myofibrils were distinctly separated 
and no longer parallel Many of the fibers appeared to be no more than empty 
tubes with a thin membranous wall The cross-striations were indistinct and 
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appearance The to" fibrS/” The 

myocardial fibers as m some parts of block 2 



Fig 7 (case 2) — An arteriole of the interventricular septum, showing sub- 
mtimal proliferation, scarring of the media and a thrombus m the lumen attached 
to the mtima by thin strands of fibrin , X 289 

Practically all the arteries and arterioles throughout all the sections showed 
definite evidence of healed rheumatic arteritis In many instances these changes 
affected all the coats of the vessels One of the commonest changes, especially m 
the smaller vessels, was subintimal fibroblastic proliferation and edema (fig 7) 
The media was also often edematous and contained pale collagenous tissue, with 
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the muscle fibers reduced m number, separated and often arranged m patches 
(fig 8) The walls of the arteries, especially of the larger ones, were irregularly 
thickened, and the lumens were irregularly narrowed Sometimes one side of 
the wall was thin and the other thick and markedly degenerated An occasional 
arteriole was completely occluded by fibroblasts (fig 8 C) The adventitia and 
surrounding fascia often contained an excess of fibrous tissue Many of the 
smaller arteries and arterioles contained relatively fresh thrombi in the center 
of their lumens, with thin strands of fibrin passing between the intima and the 
thrombus The vessels seemed to be present in increased numbers, especially 
about the i>eriphery of and within the central fibrous body The vessels within 
the elements of the conduction system were al¥ected similarly to those elsewhere, 
but the capillaries were often more distended, giving the appearance of intense 
congestion 

The auriculoventricular node was degenerated in much the same way as the 
auricular myocardium and contained somewhat more than the normal amount of 
connective tissue Both the auriculoventricular node and the first half of the 
bundle contained some relatively large empty spaces, possibly dilated lymph chan- 
nels The bundle of His appeared to be more nearly normal than the node and 
contained only a slight excess of connective tissue The fibers were cut trans- 
versely, as the}-- are in tlie technic employed, and the myofibrils stood out prom- 
inently, giving a granular appearance to the fibers The first portion of the left 
bundle branch seen, the upper posterior part, was relatively normal, lying under 
a slightly thickened endocardium As the raised endocardial scar on the left side 
of the septum was approached, the branch passed down under its base and was 
embedded in fibrous tissue (fig 9) It became thinner, and its fibers were often 
more separated The fibers varied in size, many being broader than normal and 
presenting a vacuolated appearance The branch seemed to have considerable 
difficulty in passing beneath the middle and anterior portions of the scar, being 
thin, but nowhere was it completely interrupted The raised endocardial scar was 
thick and was composed of dense fibrous tissue, with a sprinkling of nuclei In its 
base there were large irregular endothelium-lined spaces containing blood The 
root and proximal portion of the septal leaflet of the tricuspid valve was thick, 
fibrous and vascular Toward its end the bundle of His contained a little more 
fibrous tissue than in its mam extent It terminated m the usual way as the right 
bundle branch The first part of this branch appeared fairly normal, but as it 
approached the endocardium it became progressively fibrotic, until about half of it 
was replaced by fibrous tissue Beyond this point in block 1 the amount of fibrous 
tissue slowly decreased to about 25 per cent of the substance of the branch, but the 
branch was passing into an area of severe fibrosis beneath the endocardium near 
the base of the tricuspid valve The mitral and aortic valves were thick, fibrous 
and vascular 

In block 2 the bundle branches were cut transversely The first portion of 
the right bundle branch seen was fairly normal, but it rapidly became fibrotic as 
it lay just beneatl; the attachment of a markedly fibrotic chorda tendineae which 
had its roots m a dense scar in the myocardium This bundle branch finally became 
so replaced by hyaline fibrous tissue that only one or two thin muscle fibers 
remained embedded m the scar (fig 10) One or two small blood vessels remained 
in it This situation maintained for some little distance (from section 260 to 
section 460), but then the fibrosis gradually decreased until m the third, or lower, 
subendocardial portion of the branch it consisted of only about 10 per cent of 
fibrous tissue between the muscle fibers It was no longer embedded in the myo- 
cardial scar The left bundle branch continued downward uninterruptedly in the 




Fig 8 (case 2) — Three arterioles in the interventricular septum, showing in 
A one with a very fibrous and distorted media, in B one with marked edema of 
the media and a narrowed lumen, and in C one completely occluded by fibro- 
blasts , X 361 
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subendocardial areolar tissue of the left side of the septum, but it v;as not normal 
Its fibers were \ anable m diameter , the larger ones looked like vacuoles, and 
there was considerable fibrous tissue among the fibers The lower part of the 
raised endocardial scar was present for some distance, beneath which the branch 
was most affected (fig 11) The branch spread out beneath the otherwise fairly 
normal endocardium as usual, but a definite division into anterior and posterior 
divisions was not apparent (as is not infrequently the case in the human heart) 
The branch was followed into the bases of the papillary muscles, mainly, however, 
the anterior, where the fibers were large, close together, pale and almost normal 



Fig 9 (case 2) — Section 1,060, block 1 (x 133), showing the upper portion 
of the left bundle branch (LBB) passing between the myocardium and the endo- 
cardial scar (S) pictured in figure 6 An arteriole is shown (at A) similar to 
the one pictured m figure 1 


The passage into the base of the posterior papillary muscle was not so easy to 
follow, because the fibers were smaller and more separated The myocardium of 
the interventricular septum in block 2 was considerably degenerated in many areas 
Except for the scar m the region of the middle portion of the right bundle branch, 
there was only a moderate increase in interstitial connective tissue, but there were 
many foci in which there was considerable edema of the myocardium and what 
appeared much like liquefaction necrosis 
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had frequent 

ttacks of rheumatic fever since the age of 8 years For nine years she had had 
symptoms suggestive of heart disease, and for more than six months there had been 
symptoms of severe congestne failure Electrocardiograms made a few days 
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Fig 10 (case 2) — Section 260, block 2, showing m cross-section the right 
bundle branch {RBB) almost completely replaced bv hyaline fibrous tissue, X 137 


before death showed right bundle branch block, auricular fibrillation and extra- 
systoles The heart showed severe mitral stenosis and moderate scarring of the 
aortic and tricuspid valves There was a raised endocardial scar in the upper part 
of the left side of the interventricular septum The myocardium showed micro- 
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scopically patchj degeneration and healed rheumatic arteritis Serial sections 
through the conduction system showed that the aunculoventricular node and 
bundle were only slightly degenerated, but there was practically complete replace- 
ment of the right bundle branch by h 3 'aline fibrous tissue in part of its intramyo- 
cardial portion as it entered a scar m the peripheral part of the myocardium The 
left bundle branch was not normal, particular^ as it passed beneath the raised 
endocardial scar, but it was not interrupted in any portion Many of its fibers 
were swollen and embedded loosely in fibrous connective tissue 



Fig 11 (case 2) — Section 220, block 2, showing the interventricular septum in 
cross-section, with the fibrotic right bundle branch (RBB) near the right side (top) 
and the compromised left bundle branch on the left side (bottom) , X 10 

Comment — The pathogenesis of the myocardial degeneration and 
the main lesions of the bundle branches was undoubtedly due to old 
rheumatic arteritis, although the endocardial scar in the left ventricle 
which comprised the left branch was probably due to endocarditis 
The artel lal disease was extensive and affected only the small arteries 
and arterioles Similar vascular lesions due to rheumatic infection have 
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been described by ICatsiier and Bajless^®® (1934), by Gross Kugel 
and Epstein (1935), and by others There was no doubt as to the 
bundle branch more seriously affected It is unbelievable that the right 
blanch could conduct at all 

The case illustrates well the point that it is impossible usually from 
a gross examination of the heart to state which bundle branch is 
destroyed The endocardial scai lying in the track of the beginning 
of the left branch could readity have been considered adequate to cause 
destruction of that branch, but extensive histologic study showed the 
branch probably to be capable of functioning, whereas the right branch, 
unassociated with any indictable gross lesion, was almost totally 
destroyed in pait of its course As in case 1, the amplitude of the 
ventriculai complex was not great 

Case 3 (Arm% Medical Museum accession no 44641) — Cluneal Recoid — 
A young man, aged 24 years at the time of his death, on Nov 1, 1934, had never 
been seriously ill until shortlv before that time He had never had rheumatic fever 
but had had some nuld attacks of sore throat Fi\e vears before his final illness he 
had a cough for a short tune, and a cardiac murmur had been discovered and 
attributed to chronic tonsillitis He had engaged in athletics without difficulty, but 
after this illness he abandoned strenuous sports, although he continued to work 
and study hard In Maj 1934 he suddenU fainted but recovered quickly and felt 
as usual thereafter On August 21, however, after a busy and exciting period of 
preparation for marriage, he awoke feeling bad and somewhat dyspneic on 
exertion Examination at this time revealed a tall, slender joung man who did 
not appear ill The examination revealed no abnormalitj except moderate enlarge- 
ment of the heart, the dulness extending about 10 cm to the left of the midsternal 
line in the fifth intercostal space, and a loud high-pitched systolic precordial 
murmur The pulse rate was 80 per minute and regular, and the blood pressure 
was 100 sj'stolic and 70 diastolic The patient was reassured, and he resumed his 
usual activities without further symptoms On September 26 he had a second 
short fainting spell during a busy evening On the following day he had several 
short attacks of s>ncope His pulse was found to vary in rate and strength, being 
slow and strong during the attacks and more rapid and weak between them The 
use of ephedrine had a beneficial effect 

The first electrocardiogram was made on this day (fig 12) It showed sinus 
rhythm at the time, wath a rate of 80 per minute The PR interval measured 
0 16 second and the QRS complex 0 16 second in all three leads The mam 
ventricular complex was down in lead I and upright in leads II and III It was 
notched in lead I and severely slurred in leads II and III In the latter leads the 
amplitude was 20 and 22 mm , respectively The T wave was upright m lead I 
and deeply inverted in leads II and III, in ivhich it passed almost directly down- 
ward from the descending limb of the R wave 

166 Karsner, H T , and Ba} less, F Coronary Arteries in Rheumatic Fever, 
Am Heart J 9 557, 1934 

167 Gross, L , ICugel, M A , and Epstein, E Z Lesions of the Coronary 
Arteries and Their Branches m Rheumatic Fever, Am J Path 11 253, 1935 

168 Dr Benjamin F Weems had charge of the patient and gave me per- 
mission to study the heart and report the case 
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From this time on the patient suffered almost daily from these brief attacks 
of sjmcope It became apparent that there were varying degrees of heart block, 
with short periods of asystole, in which the patient became pale and unconscious 
During these periods the auricular pulse could be observed m the veins of the 
neck In some attacks there were as many as 125 auricular contractions without 
a single ventricular beat Electrocardiograms made on October 2 verified these 
findings (fig 13) The general characteristics of the complexes were the same 
as in the first tracing The auricular rate throughout the periods of block was 
rapid, usually about 140 per minute, and it was more rapid the greater the degree 
of aunculoventricular block During the phases of sinus rhythm the rate was 
about 80 per minute The P wave was notched and tall during the periods of 
block, measuring as much as 5 mm The PR interval varied with different periods 



Fig 12 (case 3) — Right bundle branch block with large amplitude in leads 
II and III and a QRS interval of 0 16 second 

of block A striking point was the fact that neither m this nor m subsequent 
electrocardiograms were there any periods of idioventricular rhythm and that 
Wenckebach periods were never noted The amplitude of the waves m leads II 
and III was greater than it was in the first tracing, the R wave being 38 mm 
high Electrocardiograms made on two subsequent occasions were similar 

During one attack of unconsciousness, on October 4, the patient became 
opisthotonic and ceased to breathe Injections of solution of epinephrine apparently 
restored him Nausea and vomiting developed and became very troublesome 
Vomiting appeared to precipitate many of the attacks of unconsciousness In 
spite of the frequent administration of ephedrme, the sjmcopal attacks continued to 
occur many times daily Epinephrine was injected from time to time Digitaliza- 
tion was attempted with the idea of producing permanent complete heart block and 
stabilizing the cardiac action, but vomiting precluded the oral administration of 
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the drug, and it was discontinued after a few doses A few days later dtgifolme 
was given intravenously The pulse rate became 32 per minute and remained at 
about this figure for many hours at a time, during which the syncopal attacks were 
much less frequent The patient repeatedly complained of gastric and intestinal 
flatulence and paroxysms of pain of a crampy nature in the lower poition of the 
abdomen The ephednne used w'as held to be at least partly responsible for much 
of the gastro-intestmal disturbance, and the dosage was reduced How'ever, there 
was little amelioration, and the patient died in an Adams-Stokes attack during the 
night, less than six months after his first sjncopal attack and a little more than 



Fig 13 (case 3) — Composite reproduction of sections of several electrocardio- 
grams, all sections except the uppermost showing lead II a, (lead I) there is four 
to one heart block, h, most of the tracing shows sinus rhythm, c two to one heart 
block, d, four to one heart block, c, a long period of asystole (only partly showm) 
IS followed by a period of four to one block In c, d and e the P w'ave is tall and 
notched The PR interval varies A large amplitude is shown m all tracings of 

lead II 

a month after the attacks became frequent At no time had there been any evidence 
of an active inflammator> process The patient remained at home, and few labora- 
tory tests were perfor,med 
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Necropsy — Necropsy was performed b> Dr Weems less than three hours after 
the patient died There was essentialh no abnormalitj except for emaciation and 
old fibrous adhesions to the upper lobe of the left lung There was no evidence 
of passive congestion 

Gross Examination of the Heart The heart w eighed 450 Gm The pericardium 
had a generall}' milkj tinge On the lateral surface of the left \entricle near the 
base and apex and also near the base of the right \entricle posteriorlj, there uere 
a feu subepicardial hemorrhages, about 0 5 cm in diameter The chambers were 
not dilated, but the 3 uere all h} pertrophied, especialh the left auricle and the 
right \entricle The former uas about 0 5 cm and the latter 0 8 cm thick The 
average thickness of the left ventricle uas 15 cm The interventricular septum 
u’as \er} thick, about 3 cm, and grosslj showed much scarring All the valves 



Fig 14 (case 3) — ^The opened left ventricle, showing hvpertroph} of this 
\entricle and whitish thickening of the interventricular septum, especialh m the 
upper portion 

appeared normal The measurements of the valvmlar orifices were as follows 
aortic, 6 cm , mitral, 8 5 cm , pulmonic, 6 5 cm , tricuspid, 9 cm There w ere a 
few streaks of w'hite in the mvocardium in general The endocardium of the left 
ventricle ov^er the membranous portion and the upi>er part of the muscular portion 
of the interv'entncular septum for about 3 cm below the aortic valve appeared 
thick and white (fig 14) A similar appearance was noted on the ventricular 
endocardium beneath the anterior leaf of the mitral valve Below these areas 
there was a less notable and more patchv milkj appearance of the endocardium 
over the septum On the right side of the septum the endocardium presented a 
moderatelv^ milkv appearance, but nowhere was this as marked as on the left side 
The endocardium of both auricles had a slightlv milkv appearance The foramen 
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ovale was closed The orifices of the coronarj arteries and the vessels themselves 
appeared normal There was slight atheroma of the root of the aorta 

Histopathologic Study of the Heart Blocks of tissue were removed from the 
auriculoventricular and interventricular septums which included practically all 
the microscopicallj recognirable portion of the conduction sj stem Block 1 included 
the auriculov'entricular node and bundle and the origin of the two bundle branches 
Serial sections were cut verticall}' from behind forward after the block had been 
embedded in paraffin This block was cut into 1,040 sections of 10 microns thick- 
ness, all were mounted, and every tenth section was stained with Masson’s 
trichrome preparation Block 2 included the greater part of the interventricular 
septum, w'hich because of its thickness had been cut down the middle m such a 
way that this block contained the left half of the septum with the endocardium 
of the left 1 entricular surface and therefore most of the left bundle branch There 
were 1,517 sections made from block 2, all of which w'cre mounted, and everj 
tenth section was stained w'lth ]\Iasson’s trichrome preparation Block 3 contained 
the opposite half of the inler\ entricular septum facing the right ventricle, it there- 
fore contained the right bundle branch The block w'as cut into 1,860 sections, 
manv of w'hich w’ere stained u’lth Van Gieson’s connective tissue stain and many 
with Afasson’s stain, all being mounted A total of 4,417 sections was made 

The arterv of the auriculoventricular node was much thickened, as were many 
of the arteries in the mj’ocardium (fig 15) The thickening was due not to 
intimal changes but to fibrosis of the media particular!), so that this coat was 
fragmented and appeared moth eaten The thickness of the wall was irregular 
The lumen was moderatel) reduced in diameter A rim of dense fibrous tissue 
surrounded mam of the arteries The node w-as onl> slightlj abnormal, with a 
small increase in interstitial connective tissue The auricular myocardium was 
moderately fibrotic The auriculoventricular bundle w-as considerably more fibrotic 
than the node, about 20 to 25 per cent of its substance being dense interstitial con- 
nective tissue in Its first half and close to 50 per cent being fibrous tissue in its 
other half, which lav just below the central fibrous body and nearer the left side 
of the septum than usual The origin of the right bundle branch was at least 
50 per cent fibrotic, whereas the origin of the left branch was perhaps less so 

The endocardium of the upper third of the left side of the interv'entncular 
septum W’as replaced b\ dense acellular fibrous tissue, which was 2 mm thick m 
some parts Below this it became rapidly thinner and finallj of nearly normal 
thickness In the upper third of the septum there were a few patches of dense 
scar tissue These rapidly became larger and more numerous until the septum 
was composed almost entirely (at least 80 per cent) of scar tissue There was 
no evidence of recent inflammatory reaction The left bundle branch was repre- 
sented by onlj a few fibers in the middle of the septum These were deep m the 
thickened endocardium and close to the mj’ocardium in the upper half but were 
more superficial lower down (fig 16) In the lower half of the septum they 
were so few and so difficult to distinguish from the mvocardial fibers isolated in 
the scar tissue that one could not be entirely sure there were any left 

The upper endocardial portion of the right bundle branch was only moderately 
replaced by fibrous tissue (fig 17A), but as the branch penetrated into the myo- 
cardium adjacent to a small peripheral scar it rapidly became replaced by fibrous 
tissue and lost its identitj’ (fig 17 B to D) The scar tissue representing the 
branch could be followed, however, and this finally approached the endocardium, 
where it became a triangular area of loose connective tissue entirely devoid of 
Purkinje fibers There was no question about the complete replacement of the 
right bundle branch in its lower half 
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One section o£ the lateral wall of the left auricle showed moderate scarring, 
one from the base of the lateral wall of the left ventricle showed a great deal of 
fibrous tissue and one from the lateral wall of the right ventricle showed only a 
moderate amount of scar tissue 

Suvimaiy — man aged 24 years was told he had a cardiac murmur five years 
before he died Less than six months before he died he had a short attack of 



Fig 15 (case 3) — small artery of the interventricular septum, showing the 
moth-eaten appearance of the media due to fibrosis and edema, irregular thicken- 
ing of the wall and moderate reduction in the size of the lumen, X 85 


syncope A little more than a month before he died similar attacks recurred and 
became more and more frequent Great variation in the pulse rate was noted, and 
the syncopal attacks occurred during periods of asystole Electrocardiograms 
showed almost classic right bundle branch block and many transitions from sinus 
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rhythm to different degrees of partial heart block and asystole They did not 
show any periods of idioventricular rhythm, however Death occurred m an 
Adams-Stokes seizure The heart was moderately enlarged, its chambers were 
h 3 'pertrophied, especiallv the left auricle and the right ventricle, but they were 
not dilated The valves and large coronary arteries appeared normal The endo- 



Fig 16 (case 3) — Section 309, block 2, showing in horizontal cross-section the 
remnants of the left bundle branch (LBB) lying beneath the greatly thickened 
endocardium, X 54 

cardium of all the chambers showed patchj whitening, which was most marked on 
the left side of the interventricular septum Histologic study showed diffuse and 
extreme fibrous scarring of the myocardium and thickening and fibrosis of the 
walls of the intramyocardial arteries, especially of the medial coat The auriculo- 
ventricular node was slightly fibrotic, but the bundle of His was fibrotic to the 
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extent of about 50 per cent of its substance in its distal half The left bundle 
branch was represented by a few fibers Ijing beneath the thickened fibrous endo- 
cardium, these almost disappeared in the lower half of the septum The right 
bundle branch became progressivelj more fibrotic and was completely replaced by 
dense fibrous tissue in its distal half 

Comment — The pathogenesis in this most remarkable case was not 
clear, but it seems probable that beie again it was due to old rheumatic 



Fig 17 (case 3) — A, section 135, block 3, showing m horizontal cross-section 
moderate fibrosis of the first portion of the right bundle branch (RBB) B, sec- 
tion 961, block 3, showing only a few fibers remaining in the intramyocardial i>or- 
tion of the right bundle branch, which is adjacent to a small myocardial scar 
C, section 1,030, block 3, showing complete replacement of the intramyocardial 
portion of the right bundle branch by fibrous tissue D, section 1,273, block 3, 
showing the right bundle branch still completely replaced by fibrous tissue in 
its third, or subendocardial, portion Compare D with figure 20, which shows a 
relativel} normal right branch in about the same region All sections (x25) 
show the fibrotic condition of the mjocardium, which, however, is not as marked 
as at other points 
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aiteiitis and endocaiditis There was definite widespiead arterial dis- 
ease of a kind not due to ordinar}^ arteriosclerosis The absence of 
valvulitis, however, threw some doubt on the assumption of a rheumatic 
etiology Tlie hypertrophy of the chambers most affected in mitral 
valvulitis, namely, the left auricle and the light ventricle, was extra- 
oidinary, m view of the absence of mitral disease However, the left 
ventricle and the interventi icular septum were also hypertrophied The 
case suggests that disease of the coronary arteries and of the myocar- 
dium are capable of producing cardiac hypertrophy 

The extensive destruction of both bundle branches was astounding, 
but although it was almost unbelievable that the left bundle branch 
could conduct at all, which it did not do at times, there was no question 
as to the inability of the light branch to function 

Case 4 (Army Medical Aluseum accession no 48678 ) — Clinical Record — The 
patient was a woman aged 65 3 'ears She had apparent!}" been in good health until 
a 3 'ear before admission to the Georgetown Universitj Hospital, on Jan 5, 1936, 
three days before death For a year she had had dyspnea on exertion and had 
received digitalis, the use of which for some reason had been discontinued In 
September 1935 dj"spnca reappeared, and she was digitalized and ordered to bed 
by another phjsician She improved, but two weeks before her admission to the 
hospital the dyspnea increased The day before entrj she experienced a sudden 
“choking pain” over the upper sternal region which radiated around the neck The 
pain increased, and when the phj'sician saw her he noted “moderate signs of shock 
and orthopnea ” The temperature was 98 6 F , the pulse rate 100 per minute and 
the blood pressure 185 svstohe and 90 diastolic The heart did not appear to be 
enlarged, there ivas a soft s.vstolic apical murmur Crepitant rales were heard at 
the bases of the lungs An injection of morphine (0 03 Gm ) relieved the pain 
During the day a pericardial friction rub w'as noted in the inidsternal region, and 
the patient became cjanotic and more dj'spneic The systolic blood pressure fell 
only 6 mm of mercurj" The patient was admitted at 2 30 a m , the diagnosis 
being acute coronar}' occlusion She was stuporous, and the findings already noted 
were verified The axillary temperature was 99 F , the pulse rate 90 per minute 
and tlie respiratory rate 12 per minute In a few hours the blood pressure had 
fallen to 142 systolic and 60 diastolic 

An electrocardiogram showed a rate of 90, sinus rhythm, increased amplitude 
of the mam ventricular complex and of the T w'ave, left axis deviation, a PR 
interval of 024 second, a QRS amplitude of 0 1 to 0 13 second and the T ivave 
in a direction opposite to that of the mam ventricular complex in the three con- 
ventional leads (fig 18) The interpretation ivas “first degree auriculoventricular 
heart block, left axis deviation and intraventricular block of the left bundle branch 
tj pe ” 

Urinalysis showed a specific gravity of 0 01, 4 plus albumin and a few leuko- 
cytes and erythrocytes The hemoglobin value Vv'as 33 per cent , the erj'throcj tes 
numbered 1,960,000 per cubic millimeter of blood, with considerable poikilocvtosis 
and anisocytosis, and the leukocytes numbered 10,000 per cubic millimeter of blood, 
with 85 per cent polymorphonuclear neutrophils The nonprotein nitrogen content 
was 180 mg per hundred cubic centimeters of blood 

An additional diagnosis of severe renal insufficiency was made 
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The patient became comatose, and the cyanosis, orthopnea and pulmonary rales 
increased The venous pressure was 205 mm of saline solution (Griffith method) 
The temperature, after rising to 100 F by axilla, dropped to 96 8 F , and the 
pulse rate, after rising to 100, dropped to 70 per minute The blood pressure 
dropped to 110 systolic and 54 diastolic just before death 

Neciopsy — Besides the heart, the viscera of interest were the kidneys, which 
were markedly contracted and granular (one weighing 55 Gm and the other 90 



Fig 18 (case 4) — Incomplete left bundle branch block, with QRS intervals 
of 0 1 to 0 13 second and a PR interval of 0 24 second 

Gm ) and the lungs, which presented edema of the lower lobes Microscopically 
the kidneys were typical secondarily contracted organs 

Gross Examination of the Heart The heart weighed 460 Gm There was 
a thin deposit of fibrin on the epicardium The left ventricle was moderately 
hypertrophied , its thickness was 1 5 cm in the upper half The right ventricle 
was 0 5 cm thick in its upper half, and the interventricular septum was 1 7 cm 
thick and wider than usual The myocardium on section appeared normal The 
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valves were all apparently normal, and the valvular orifices were of normal 
circumference The coronary arteries were all patent and even a little larger in 
diameter than normal, they showed only moderate atherosclerotic change The 
root of the aorta likewise presented only moderate atherosclerotic alteration 

Histopathologic Study of the Heart Blocks were removed from the heart 
exactly as they w'ere from the heart in case 2 and were prepared, cut, mounted 
and stained practically in the same manner Block 1 w'as cut into 2,510 sections, 
block 2 into 1,590 sections, block 3 into 1,390 sections and block 4 into 1,530 
sections, making a total of /,020 sections The auricular myocardium showed 
little increase m interstitial connective tissue, no more, m fact, than is usually 
seen in the hearts of most patients of this age The ventricular myocardium 
throughout contained a slight excess of interstitial connective tissue also but 
probably no more than is usuall} seen in the hearts of most patients of this age 
The mtramyocardial arteries and arterioles in general appeared likewise to be 
no more degenerated than usual Onlj one vessel w'as distinctly abnormal, namely, 
a septal artery running m the ^entrlcular myocardium just beneath the central 
fibrous body The wall of this vessel was thickened, and the lumen w'as reduced 
m diameter about SO per cent This artery gave off a relatively large branch, 
which passed downward and laterally to the left subendocardial region One 
small artery in the auricular mjocardium and another m the ventricular w'ere 
also somewhat abnormal, they suggested superficially the rheumatic arteritis m 
case 1, with the media disorganized by fibrous tissue and the lumen decreased 
m diameter How'C\cr, it did not appear that there w'as sufficient vascular disease 
to be of any great significance 

The aunculovcntncular node contained about the same slight degree of excess 
interstitial connective tissue as the m>ocardium in general The greater portion 
of the auriculoventncular bundle was similar to the node, but as it continued 
on into the right bundle branch it was about 15 per cent fibrous tissue The right 
bundle branch soon became definitely abnormal, in that it was about 40 per cent 
fibrous tissue, but most of this fibrous tissue was in the right half of the cross- 
section of the branch, where it had replaced the greater part of the conducting 
fibers (fig 19) This fibrosis ln^olved onlj-' about 3 mm of the branch, after 
which it rapidly decreased, leaving the branch relatnelv normal throughout the 
remainder of its course (fig 20) 

The left bundle branch soon after its origin from the bundle of His showed 
distinct changes throughout its entire length and breadth This branch was 
much more extensive than usual and was not distinctly separated into anterior 
and posterior divisions until it w'as low dowm m the septum Some parts of it 
were thin, others were thick The mam abnormality consisted of an extensive 
but varying increase of interstitial connective tissue, which m some places w'as 
dense and separated the Purkinje fibers considerably (fig 21), wdiile m other 
regions m the same and m different planes it was thin and did not separate the 
muscle fibers much This fibrosis w'as observed to be confined to the subendocardial 
region and did not involve the septal myocardium The fibrous tissue was thicker 
on the endoeardial side of the branch than on the myocardial side Throughout 
its course, however, the fibers of the left bundle branch, even where embedded in 
the densest fibrous tissue, appeared fairly normal m structure An interesting 
feature was the increase in thickness of the smooth muscle layer of the endo- 
cardium, which, however, varied considerably m different parts of the endocardium 
Another interesting feature was the presence of an offshoot of Purkmje fibers frorn 
the left bundle branch at about the junction of the upper and middle thirds of 
the septum This offshoot was as thick as the bundle branch and passed down 
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a short distance into a cleft in the myocardium (fig 22) Although most of 
the sections of this region were stained, it did not appear that this offshoot went 
any great distance into the septum This is the first time I have seen such a 
formation The amount of fibrous tissue in the left bundle branch decreased 



Fig 19 (case 4) — Section 70, block 2, showing m horizontal cross-section 
moderate fibrosis of the right bundle branch in its first portion , X 92 


considerably in the lower region, where the elements of the branch passed over 
to the bases of the papillary muscles 

Siimmci y — A woman aged 65 years had had dyspnea for a year A few 
days before death, severe pain developed in the upper portion of the sternum, and 







76 


ARCHIVES OF INTERNAL MEDICINE 


she rather rapidly passed into coma The blood pressure, which had been moder- 
ately elevated, dropped progressively There were orthopnea, some cyanosis, rales 
in the bases of the lungs and a little fever The nonprotein nitrogen content was 
180 mg per hundred cubic centimeters of blood The electrocardiogram showed 
prolongation of the PR inter\al, left axis deviation and the T wave in all three 
leads in a direction opposite to that of the mam ventricular complex There 
was not much spread in the QRS complex, and no notching was seen Necropsy 
revealed markedly secondarilv contracted kidnejs The heart was moderately 
lij pertrophied The coronary arteries were not much degenerated, and the myocar- 
dium was normal for the patient’s age The auriculoventricular node and bundle 
were relatively normal, but a short portion of the first part of the right bundle 



Fig 20 (case 4) —-Section 1,320, block 2, showing in horizontal cross-section 
the right bundle branch practically normal in its third portion, X S9 


branch was moderately fibrotic and the left bundle branch showed extensive 
but variable interstitial fibrosis, although the Purkinje fibers were well preserved 

Comment —This case was studied because of the incomplete picture 
of bundle branch block Some cardiologists would consider the electro- 
cardiographic curves as those merely of preponderance of the left 
ventricle However, the lesions of the bundle branches, especially of 
the left branch, would allow one to suggest that there was some reduc- 
tion m the conduction time through the branches and certainly more 
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Fig 21 (case 4) — Section 510, block 3, showing a portion of the left bundle 
branch embedded in dense fibrous tissue, X 140 
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in the left tlian in the right This relativity of involvement of the 
branches is iinpoitant, since it must be rare foi one branch alone to be 
diseased Also, it does not seem to be necessaiy to assume that one 
or the olhei bianch must be completely destioyed to pioduce distortion 
of the electiocaidiographic curves 



Fig 22 (case 4} — Section 1,240, block 3, shovung an offshoot (O) into the 
myocardium from the left bundle branch , X 92 


The pathogenic oiigni of the lesions of the conduction system m 
this case is not certain, but the etiologic factor of chronic renal disease 
with hypertension is clear Although there was no advanced degree 
of disease of the coronary arteries, it appears that the involvement of 
the bundle branches was the result of impaired nutrition 
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It IS fair to point out that the electrocardiogram was made shortly 
befoie death, a fact which constitutes a weakness m i elating the elec- 
trocardiographic picture to the lesions in the bundle branches 

The abortive offshoot of the left bundle branch observed m this 
case suggested the piesence of communications directly into the myo- 
cardium from a bundle branch This observation is reminiscent of 
the work of Cardwell and Abramson^®® (1931), Wahlin (1932) 
and later Abramson and Margolin^®® (1936) in connection with animal 
hearts, but it is not conclusive I have never seen unequivocal commu- 
nications in the human heart either of the variety found m animal hearts 
or of the kind described by Mahaim m the human heart, although I 
am willing to believe that minute communications do exist from one 
side of the septum to the other 

Case 5 (Army Medical Museum accession no 52100 ) — Clinical Recoid — 
A Spanish War veteran aged 53 years was found to have heart disease in Novem- 
ber 1932, when he entered a hospital for repair of a ventral hernia resulting 
from appendectomy four years previously In childhood he had smallpox, diph- 
theria, scarlet fever and mumps He was told about four years before admission 
to the hospital that he had mild hypertension The hernioplasty was followed 
by separation of the incision, later abscess formation in the wound 'and finally 
a prostatic abscess, which was accompanied with severe systemic symptoms and 
leukocytosis (25,000 leukocytes) His condition for a time was serious, but he 
eventually made a good recovery His blood pressure at that time was 140 systolic 
and 86 diastolic He had had attacks of tachycardia An electrocardiogram 
made on Jan 18, 1933, showed a heart rate of 144 per minute, a PR interval 
of 0 16 second, a QRS interval of 0 08 second, an S wave in all leads, the take-off 
of the ST segment a trifle elevated in leads II and III and a relatively low 
T wave in all leads 

After leaving the hospital he took a job requiring much exertion Three months 
later the ventral hernia recurred Dyspnea on exertion and attacks of precordial 
oppression and dull pain developed However, he did not reenter the hospital until 
March 5, 1936 Examination showed the blood pressure to be 110 systolic and 
68 diastolic , the heart sounds were normal, and the liver was not enlarged Roent- 
genographic study revealed evidence of a chronic duodenal ulcer The prostate 
gland was enlarged and boggy He remained in the hospital five weeks, receiving 
prostatic massage and general treatment On Afarch 23, he had an attack of 
ventricular tachycardia (fig 23^), which ceased after the administration of 
5 grains (0 33 Gm ) of quimdine sulfate An electrocardiogram (fig 23 5) then 
showed left axis deviation, with an inverted T wave in lead I and a QRS interval 
of 0 12 second Lead IV showed a low take-off of the ST segment He was 
discharged on April 11 in fairly good condition However, he noted swelling of 
the feet almost immediately after discharge, when he resumed his work as a 
night watchman Attacks of dyspnea, palpitation of the heart and precordial pain 
became more frequent By November he could hardly get his shoes on because 

169 Abramson, D I, and Afargolin, S A Purkinje Conduction Network in 
the Myocardium of the Mammalian Ventricles, J Anat 70 250, 1936 

170 Major John G Knauer gave me permission to use the records of this 
and to study the heart 


case 
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of edema Before the end of that month the edema involved the whole of both 
lower extremities He began to expectorate blood-tinged sputum and became 
orthopneic The abdomen became swollen A physician gave him digitalis 

On December 5 he reentered the hospital, presenting the picture of advanced 
congestive failure The blood pressure was 105 systolic and 60 diastolic The 
heart sounds were weak There was a peculiar impure quality to the first sound, 
which resembled the dull twang of a bowstring Later a protodiastolic gallop 
rhythm appeared The electrocardiogram Avas then different from the preceding 
one , there was much lower amplitude, and the QRS complex was much broader 
(016 second, fig 23 C) Laboratory studies rcAealed evidence of mild renal 
insufficiency The usual treatment was instituted, but all the manifestations of 
congestive heart failure progressed to an extreme degree, and death occurred 
on December 11 



Fig 23 (case 5) — A, paroxysmal ventricular tachycardia, E, left bundle branch 
block, with a QRS interval of 0 12 second, shown after the cessation of ventricular 
tachycardia, nearly nine months before death, C, a lower voltage and a QRS 
interval of 016 second a few days before death 


The following clinical diagnosis was made bv Major Knauer generalized 
arteriosclerosis, with severe coronary involvement , cardiac hypertrophy, with myo- 
cardial degeneration, fibrosis and herniation of the left ventricular wall and severe 
cardiac decompensation, secondary to coronary arteriosclerosis , moderate chronic 
suppurative prostatitis, large right ventral hernia, complete bilateral (large on 
the right and small on the left) direct-indirect inguinal hernia that was reducible, 
moderate chronic chorioretinitis of the right eye, moderate bilateral pinguecula, 
chronic ulcer of the duodenum, terminal bronchopneumonia of the lower lobes 
of the lungs, and moderate nephrosclerosis 

Ncciopsy — Necropsy ivas performed by Major Don Longfellow approximately 
eight hours after death occurred There was marked arcus senilis The scleras 
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were icteric The mouth was edentulous There was severe pitting edema of the 
lower extremities and of the sacral region The nail beds were slightly c}’-anotic 
The right pleural cavit}’- contained a large amount of thin brownish fluid, and 
there were delicate adhesions posteriorly The lower and middle lobes of the 
right lung were covered with a fibrinous exudate In the lower portion of the 
upper lobe there was a large blackish red infarct, and in the pulmonary artery 
leading to this area there was a thrombus which was firmly attached to the intima 
and which completely occluded the vessel The lower portion of the lower lobe 
of the left lung was dark red, airless and apparently consolidated The heart 
was moderately enlarged and was displaced to the left by the pleural effusion 
in the right hemithorax The abdomen contained a large amount of thin cleai 
straw-colored fluid The liver weighed 1,700 Gm , and its cut surface presented 
a distinct “nut-meg” pattern The kidneys were about normal in size and had 
a finely granular surface, with some superficial puckered scars The cut sections 
showed cortical cysts, indistinct differentiation of cortices and pyramids and indis- 
tinct cortical striations The prostate was much enlarged, and in the left lobe 
there was a hone 3 '^combed area, other portions of the cut surfaces were yellowish 
pink and homogeneous The seminal vesicles were distended with thick granular 
material and were unusuall}'' thick walled The first portion of the duodenum 
contained a small depressed ulcer, 4 mm m diameter There was moderately 
severe generalized arteriosclerosis 

Gross Examination of the Heart The heart weighed 550 Gm The lower 
anterior surface of the epicardium was roughened where adhesions to the peri- 
cardium had been separated There was a normal amount of epicardial fat All 
the chambers were dilated The anterior descending branch of the left coronary 
artery was completely occluded below its first 2 cm by an old yellowish thrombus 
for about 2 cm , beyond which it was occluded by a soft purplish clot The wall 
was thickened and calcified The lumen of the portion proximal to the thrombus 
was dilated The first 3 cm of the circumflex branch of the left coronary 
artery was greatly dilated and sclerotic and was filled with a fresh thrombus, 
beyond this its lumen was small, and the wall was asymmetricallj'^ thickened 
The right coronary artery was only moderately sclerotic and was patent through- 
out The left ventricle w'as dilated, grade 3, with a rounded apex, and its papillary 
muscles w^ere moderately hypertrophied The lower half of the interventricular 
septum showed a deep depression filled wuth an old mural thrombus (fig 24) 
The upper edge of this depression ran obliquely dow'nward from front to back 
toward the apex The lower portion of the anterior wall and the rounded apical 
portion of the ventricle were thin and fibrous, being 2 mm thick and containing 
practically no muscle The thickness of the wall near the base of the ventricle 
was 1 8 cm On cut section the myocardium here did not appear to be fibrotic 
The endocardium of the left side of the interventricular septum between the 
aortic valve and the mural thrombus w'as smooth and glazed The mitral %alve 
was apparently normal except for moderate atheromatosis of the aortic cusp The 
mitral orifice w^as 12 cm in circumference The aortic valve appeared to be 
normal, and the aortic orifice measured 7 cm in circumference The root of the 
aorta w'as moderately atherosclerotic In the arch of the aorta there w^ere numerous 
large calcified plaques, a condition w^hich was maintained throughout the thoracic 
and abdominal portions The right ventricle was dilated, grade 3 Its wall w'as 
0 6 cm thick in the upper half In the apical region of its cavity a mural thrombus 
w^as loosely attached to the w^all, its shape was that of a long curled cjdinder, 
suggesting Its origin in a vein This appeared to be the source of the embolus 
in the right lung The endocardium of this ventiicle appeared normal The 
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tricuspid ^ahe was apparently normal, and the right venous ostium measured 
13 6 cm in circumference The pulmonary valve also appeared to be normal, 
and its orifice measured 8 5 cm in circumference 

Histopathologic Evamination of the Heart Five blocks of tissue were removed 
from the aunculoventncular and from the interventricular septum, the upper 3 
of which included practicallj' all the microscopicallj' recognizable portion of the 
conduction system These blocks contained the entire thickness of the septums 
The upper 3 blocks were embedded m paraffin, and horizontal sections, 10 microns 
thick, were cut seriallj from abo\ e down All the sections were mounted, and 
e\cr 3 tenth section was stained with Masson's tnehrome preparation There were 
1,520 sections made from block 1, 1,720 from block 2 and 1,000 from block 3, 
making a total of 4,2-10 sections 

The auriculo\ entricular node and bundle and about 1 cm of the bundle branches 
were included in the sections of block 1 The upper portion of the auriculo- 



Fig 24 (case 5) — The opened left ventricle, showing the scarred portion 
A mural thrombus is seen in the depicssed portion of the interventricular septum 
The apical region bulges, almost aneurj'small}' 

ventricular node was composed of interlacing fibers that were much disrupted 
and that were separated by fibrous tissue and surrounded peripherally by fatty 
connective tissue containing little auricular m 3 'ocardium The lower portion of the 
node w'as more compact but contained somewhat more than the normal amount 
of fibrous and fatty connective tissue The aunculoventncular bundle was also 
moderateb infiltrated with fibrous connective tissue and was partly replaced by 
fatty connective tissue Its capillaries were engorged with blood The artery 
to the node and bundle was considerably degenerated, its wall being thickened 
and fibrous and its lumen narrowed by intimal fibrous tissue The myocardium 
adjacent to the bundle was fibrotic The auricular myocardium was fibrotic in 
the posterior half of the septum, and its largest artery had a thick, dense, fibrous 
wall and a small irregular lumen The root of the tricuspid valve contained 
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numerous capillaries, plasma cells and fibroblasts The first portion of both right 
and left bundle branch appeared moth-eaten because of fibrosis and fat invasion 
The ver 3 ' first portion of the left bundle branch was extremely thin and almost 
not recognizable, but it rapidly became larger, although it remained fibrotic The 
endocardium on the left side of the interventricular septum soon became thick and 
fibrous The fibers of the left bundle branch were embedded in this fibrous tissue, 
and mail} of them appeared to have become necrotic and disintegrated because 
of compression , others appeared relatively normal In some places there were 
relativel}’^ few Purkinje fibers remaining The right bundle branch rapidly left 
its subendocardial position and became deepty intramyocardial In most of block 1 
about 15 per cent of the fibers were replaced by fibrous connective tissue There 
was moderate patcln^ fibrosis of the interventricular septum Only small vessels 
were seen in most of block 1 The}’- were often surrounded by an abnormally 
thick zone of fibrous tissue, and the walls of some were moderately or even 
se\erely fibrotic, whereas others had fairly normal walls 

In the upper part of block 2 the left bundle branch became even more degen- 
erated, the posterior half showing only a small number of fibers which appeared 
capable of functioning at all (fig 25) The right bundle branch also became 
rapidly more fibrotic, until about SO per cent of its fibers had been replaced by 
dense interstitial fibrous connective tissue (fig 26) At no point, however, did 
the right branch appear to be as severely compromised as the left The right 
branch, in fact, rapidly became less fibrous again, and as it approached the endo- 
cardium it became almost normal, remaining so as far as it could be followed 
subendocardially The left branch, on the other hand, continued to be greatly 
degenerated by the invasion of fibrous tissue, although there was considerable 
\ariation in the degree of involvement The surrounding connective tissue always 
remained dense, however In block 2 the dense myocardial scar of an old infarct 
began to appear and grew larger with succeeding sections The scar was patchy 
and most dense in the left side of the septum m its anterior half The patches 
of scar tissue contained small thin-walled blood sinuses The small arteries in 
the m}Ocardium often had thick fibrous walls and small lumens In the lower 
half of block 2 most of the anterior half of the left bundle branch had disappeared 
in the scar of the infarct The posterior half of the branch had become larger 
and more cellular but was still embedded in dense fibrous tissue 

In block 3 the right bundle branch could not be found, and since in its upper 
part the right side of the septum was fairly normal, especially the endocardium, 
it was assumed that it had spread out normally beneath the endocardium and 
could not be recognized, as is frequently the case The old scar in the septum 
grew larger, as did also the mural thrombus The left bundle branch was present 
only in the posterior half and lower only in the posterior fourth of the septum 
The branch was thicker, however, and contained more fibers on cross-section As 
section 1,000 was approached the scar extended almost across the septum antero- 
posteriorly and involved most of the thickness of the septum, but more on the left 
than on the right half The scar was not entirely solid but contained islands 
of myocardium Only a small group of Purkinje fibers of the left branch finally 
remained at the very posterior part of the septum, and these were still embedded 
in fibrous tissue 

Summmy — A man aged 53 years was known to have had heart disease for 
four years and died of congestive heart failure An electrocardiogram made ten 
months before death showed ventricular tachycardia , after cessation of the tachy- 
cardia an electrocardiogram showed left axis deviation, with an inverted T wave 
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m lead 1 and a QES interval of 0 12 second Another, made shortly before death 

SSri^ '^^nT Tb' "''Shed 

sclerosis with an old thrombus in the anterior interventricular artery and a fresh 
one in the left circumflex arterj An old infarct in the apical region of the left 



Fig 25 (case 5) —Section 360, block 2, showing in horizontal cross-section 
a portion of the left bundle branch embedded in and almost completely replaced 
by fibrous tissue , X 137 

ventricle and m the lower anterior portion of the interventricular septum had 
caused marked thinning of these portions A study of 4,240 serial sections of 
the conduction svstem showed that the auriculoventncular node and bundle were 
moderately fibrotic and partlv replaced by fatty connective tissue The right 
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bundle branch showed moderate fibrosis dowm to the middle of its intramyocardial 
portion, 111 wdnch for a short distance fibrous tissue replaced about 50 per cent 
of its fibers Bcjond this point it was fairl}' normal The left bundle branch 
was serioush degenerated bv dense fibrous tissue in the subendocardial layer, 
especiall} in its uppei half In its lower half the anterior division had completely 
disappeared in the scar of the old infarct, wdiereas the posterior division, although 
still compromised b} fibrosis, W'as not as much diseased as it w'as in its upper half 

Comment — The electrocaidiogiaphic pattern in this case, i e, the 
one made several montlis before death and aftei an attack of ventne- 



Fig 26 (case 5) — Section 160, block 2, showing in horizontal cross-section 
the right bundle branch replaced in its upper portion by about SO per cent 
dense fibrous tissue, X 133 


ular tachycardia, represented meiely an advanced stage of that in the 
preceding case Although both bundle branches were diseased, there 
was no question as to the one inoie seriously affected The left bianch, 
while not completely destroyed at any one level, was so extensively 
degenerated throughout that, compared with the right bianch, the 
impulses passing through it must have been greatly retarded Conse- 
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quently, one is justified in assuming that the degeneration of the left 
branch played an important role in determining the electrocardiographic 
pattern 

The pathogenic factor in this case is clearcut, being advanced disease 
of the coronary arteries and old myocardial infarction The electro- 
cardiographic curves seen in this case are so frequently observed in 
cases in which the gross morbid anatomic picture is very similar that 
one may be pardoned for concluding that in most of these cases there 
IS considerable degeneration of the left bundle branch 

Casc 6171 (Army Medical ^tuseum accession no 52410) —C/imca/ Rccoid- 
The patient, a Negro aged 40 jears, was admitted to the Hines Hospital, Hines, 
111, on March 11, 1936, for treatment of heart disease He had had the usual 
diseases of childhood, pneumonia, “rheumatism” and gonorrhea He became 
dyspneic m February 1935 and later had edema of the feet and a cough He 
worked until July 1935 and alter two weeks’ vacation worked again for six 
weeks, after which he was unable to work On admission to the hospital he was 
found to be moderately dyspneic and to have slight edema of the feet The 
apex impulse was heaving and the heart moderately enlarged Gallop rh>thm was 
present at the apex The cervical veins w'ere distended, there was evidence of 
passive congestion of the lungs and the liver w'as palpable The peripheral 

arteries w'ere severely sclerosed The heart rate w'as 110 per minute, and the 

blood pressure was 150 systolic and 125 diastolic 

An electrocardiogram, made on March 13, showed regular sinus rhythm, a 
rate of 120 per minute , a PR interval of 0 16 second , a QRS complex of moderate 
amplitude in leads I and III, of low voltage in lead II and of 0 14 second duration, 
grossly notched and wnth the mam component upright in lead I and down m leads 

II and III, and a T w'ave that W'as intimatel} joined to the main complex, 

especially in leads I and III, and directed oppositely to them (fig 27/4) 

He received the usual treatment for congestive failure and w^as somewhat 
improved thereby A second electrocardiogram, made on June 10, w'as similar 
to the first except that the QRS complex w'as upright in lead II All the usual 
laboratory tests gave normal results A roentgenogram show'ed moderate hypei- 
trophy of the left ventricle 

From June 11, when he left the hospital, until Jan 22, 1937, when he w^as 
readmitted, he remained m about the same condition On his second admission 
to the hospital he w'as found to have more dependent edema and ascites There 
was greater dyspnea The apex impulse was felt in the left anterior axillary 
line Gallop rhythm was present at the apex, and the heart rate was 100 per 
minute The blood pressure at first w^as 110 systolic and 90 diastolic, later it 
was 90 systolic and 80 diastolic A roentgenogram show'ed marked enlargement 
of the cardiac shadow, the aortic shadow measuring 7 cm, the greatest cardiac 
diameter 19 cm and the transverse thoracic diameter 26 cm There were large 
bullae on the dorsum of the feet, which were cold, and the skin of the legs w'as 
abnormally dark Pulsations were not palpable in the left femoral artery, and 
rone was palpable in the vessels of either foot There were moderate anemia 
and moderate leukocytosis The urine contained a heavy trace of albumin, the 

171 Drs Philip P Matz and Edward W Hollingsworth, of the Veterans’ 
Administration, gave me permission to study the heart in this case and to make a 
report 
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nonprotein nitrogen content of the blood was 120 mg per hundred cubic centi- 
meters The electrocardiogram made on January 25 was essentially the same as 
the first one, made over ten months before 



Fig 27 (case 6) — A, left bundle branch block, with a QRS interval of 0 14 
second, eleven months before death, B, auricular fibrillation, with low voltage 
except in lead IV and a QRS interval of 0 16 second, four days ante mortem 

The diagnosis of hypertensive heart disease and probable occlusion of the 
coronary arteries was made It was also thought that there was thrombotic 
occlusion of both femoral arteries, with early gangrene of the feet The course 
was rapidly downhill The electrocardiogram made on Februarv 5 was different 
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ITJZ TTZ fibnnat:on, low voltage 

I to III, a large QRS complex m lead IV and a T wave upright in leads I to III 
and inverted in lead IV Death occurred on February 9 eaas l to JU 

addition to the cardiac abnormalities the following conditions 
uere noted extensive adhesions of the pleurae, abscesses m the lower portion 

inhnn/S containing grayish, foul-smelling material, ascites 

(.about 1,000 cc of clear fluid) , whitish yellow plaques m the aorta, and adherent 
thrombi in both iliac arteries, the one in the right artery extending up to the 



Fig 28 (case 6) — The opened left ventricle, showing hypertrophy and extreme 
dilatation, with a small mural thrombus in the apical region 

bifurcation of the aorta and the one in the left extending below Poupart’s ligament 
The spleen weighed 210 Gra , the liver 1,560 Gm and the kidneys 165 and 195 
Gm , respectively 

Gross Examination of the Heart The heart weighed 575 Gm The peri- 
cardium was normal, with little fat All four chambers were greatly dilated, the 
left ventricle tremendously so (fig 28) In the greatly rounded apical portion of 
the left ventricle there was a mural thrombus, measuring 2 by 2 cm, with a 
slightly raised and roughened surface It was firmly attached to the posterior 
wall The endocardium over most of the left surface of the interventricular 
septum appeared normal, but it was thickened and presented a ground-glass 
appearance on the anterior wall of the ventricle, over the septum in the apical 
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region and in the Mcinitj of the thrombus The wall of the ventricle near the 
base was 1 3 cm thick, and on cut section the muscle did not appear abnormal 
The aortic and mitral %alves were apparenth^ normal The aortic ring measured 
7 cm in circumference and the mitral 9 cm The root of the aorta was smooth 
nailed The left auricle contained a mural thrombus on its upper posterior wall, 
measuring 1 b\ 3 cm , and a smaller one was present in the auricular appendage 
The nail of the right Aentncle was 06 cm thick near its base Its endocardium 
appeared normal The pulmonarj and tricuspid valves were apparently normal, 
tne ring of the former measuring 7 cm in circumference and that of the latter 
13 5 cm The right auricular appendage was large, being 7 5 cm long and 4 5 
cm wide It nas filled with thrombi, probablv of antemortem origin In con- 
nection with the eustachian vahe there was a fibrous thread stretching vertically 
across the auricle for a distance of 4 cm A small white thrombus was firmly 
attaclied to it at about its middle The coronary arteries were a little thickened 
but were not calcified, their lumens were well open, except for agonal thrombi in 
both anterior and posterior interventricular arteries The myocardium m general 
did not appear abnormal, and there nas no gross e\idence of old oi recent 
infarction 

Histopathologic Examination of the Heart The entire interventricular septum, 
including the loner portion of the auriculoventricular septum, was excised and 
dnided b}' honrontal cuts into four blocks The upper 3 blocks nere embedded in 
paraffin and cut horizontally into sections of 10 microns thickness seriall> from 
abo\e down Block 4, which included the most trabeculated portion of the septum 
near the apex nas not cut because it would have been almost impossible to 
recognize the Purkinje fibers in it From block 1, 970 sections nere made, from 
block 2, 1,530, and from block 3, 1,400, making a total of 3,900 sections All were 
mounted, and every tenth one nas stained with lilasson’s trichome preparation 

The auricular myocardium nas moderate!} fibrotic in patches, and the arteries 
therein nere degenerated, with much intimal thickening and diminution in the 
size of the lumen The aurICulo^ entricular node nas moderately fibrotic, as was 
also the aurlculo^entrlcular bundle The very first portion of the left bundle 
branch was thin and contained onh a fen separated fibeis Too much importance 
should not be placed on such an obser\ation, howe%er, since this appearance does 
not necessarily indicate a pathologic condition The beginning of the right bundle 
branch nas moderatel} fibrotic, but like the node and mam bundle it contained 
man} normal-appearing conduction fibers The right branch, however, soon 
became practically normal in appearance and continued so down to the portion 
which spreads out subendocardiall} The left bundle branch was not completely 
interrupted at any level Howeier, it was definitely pathologic in much of its 
course The fibers m man} places nere thin, vacuolated and embedded in dense 
fibrous tissue of the endocardium (fig 29) The latter, however, nas not much 
thickened The best looking portion of the branch nas the central part, which 
was thicker than the anterior portion, but its fibers also appeared much more 
vacuolated than normal A large portion of this part of the branch entered a 
sheetlike layer of myocardium, which became separated from the main mass of 
the septum and graduall} worked posteriorly, where it became the posterior division 
of the branch As both anterior and posterior divisions broke up, their components 
entered trabeculae in which the Purkinje fibers formed fasciculi, many of which 
were embedded in dense fibrous tissue 

The myocardium of the septum had a fen small scars scattered through it, 
but the great bulk of muscle was in good condition The arteries in the septum 
were not as much degenerated as they nere m the auricle near the central 
fibrous bod} 


Fig 29 (case 6) — Section 530, block 2, showing in horizontal cross-section 
a portion of the left bundle branch, with thin fibers largely embedded in dense 
fibrous tissue, X 1^0 
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Summaiy — A Negro aged 40 years had dyspnea for two years before he died 
Edema appeared about six months after the onset of dyspnea The blood pressure 
at first was moderately elevated but subsequently was normal The heart was 
considerably enlarged Manifestations of congestive heart failure gradually 
increased, and terminally there was evidence of renal insufficiency, with occlusion 
of the femoral arteries and gangrene of the feet Three electrocardiograms made 
at intervals during the two years before death showed evidence of left bundle 
branch block The electrocardiogram made two weeks before death showed 
auricular fibrillation and low voltage The heart was found to be hypertrophied 
and dilated, especially the left ventricle, which contained a mural thrombus in its 
apex The coronary arteries were only moderately sclerosed and contained only 
agonal thrombi Histopathologic study revealed small scars in the myocardium 
The arteries were not ver}' sclerotic except in the auricles near the central fibrous 
bod}'^ The auriculoventncular node and bundle were moderately fibrotic The 
right bundle branch except at its origin, where it was moderatel}’’ fibrotic, appeared 
practically normal The left bundle branch was moderately degenerated but 
apparent^" not greatly compromised, much of it was embedded m fibrous tissue, 
and its fibers were more than normally vacuolated 

Comment — I was greatly surprised in this case to find compara- 
tively little damage to the left bundle branch It was, howevei, much 
moi e degenerated than the right branch, which was only slightly altered 
Had there been a largei scar m the septum one might have concluded 
that the oiiginal electrocai diographic curves were the temporary result 
of coronar} occlusion, with infarction of the myocaidium One would 
certainly expect more seveie degeneration of the left branch m this 
case than in the 2 pieceding cases fiom a comparison of the electio- 
cardiograms If one assumes, to begin with, that the electrocardiogram 
indicates impairment of function of the bundle branch in this case, it 
is plausible to assume further that there may be greater impairment of 
function of a branch than is evident histologically 

GENERAL COMMENTS ON CASES STUDIED HISTOPATHOLOGICALLY 

Certain points in connection with the 6 cases studied histopathologi- 
cally stand out clearly In all there was definite organic disease of the 
bundle branches, although it was least marked in case 6, in which one 
would have expected more involvement than was observed Both 
branches were affected m each case, but it was possible always to state 
which of the two branches was more seriously affected The lesion 
consisted of fibrosis in all cases In 4 cases (2, 3, 4 and 6) the lesions 
of the branches appeared to be independent of adjacent lesions in the 
myocardium, although there weie also myocardial lesions of importance 
in 2 of these (cases 2 and 3), undoubtedly of similar pathogenic origin 
In cases 1 and 5 the main involvement of the branches was clearly due 
to their position in regions of myocardial disease In most of the cases 
it seemed proper to attribute the pathologic condition of the bundle 
branch and myocardial disease to disease of the coronary arteries At 
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this point it nia} lie well to state that mail} heaits not showing disease 
of tlie bundle blanches have been studied histologically as controls, so 
that the obseivations in most if not all these 6 cases aie probably of 
significance in the pioduction of certain at least of the electiocaidio- 
giaphic abnoimahties 

Cases 1 to 3 are of great significance m that the electiocaidiogiaiihic 
ciiives said by the American school to typify right bundle branch block 
weie associated t\ith complete destruction of part of the light bundle 
branch, although there was also seveie involvement of the left blanch 
111 cases 1 and 2 the lesions weie definitely of rheumatic oiigin, and in 
case 3 such an etiologic factor also seemed probable I believe the 
lesions aftecting the bundle branches and the myocardium in all 3 cases 
were due to iheumatic arteritis, ceitamly m cases 2 and 3 The vahu- 
Iitis in cases 1 and 2 probabi} had nothing to do with the disease of 
the bundle blanches and in case 3 theie was no evidence of valvulitis 

In cases 4 to 6 it appeals that the lesions m the left bundle blanch 
weie the more important m the pioduction of ceitain at least of the 
electrocaidiographic abnoimahties These abnoimahties would be des- 
ignated by the Ameiican school as evidence of disturbance of intiaven- 
tiiculai conduction of the left bundle branch t}pe The 3 cases are 
examples of so-called degeneiatne cardlo^ascular lenal disease In 
cases 4 and 6 the degiee of disease of the coionai} aiteiies was not 
great, but in case 5 it uas extieme, and the lesions in the bundle 
branches ueie due definitely to this In all 3 cases the biunt of the 
cardiac stiam was borne by the left ventiicle In case 4 the slight 
increase in intia\entricuiai conduction time appealed to be due to exten- 
sive fibrosis compromising but not destioying the left bundle branch 
This is theiefore a case of incomplete left bundle branch block In 
case 5 theie appealed to be much gi eater destiuction of the left bianch, 
but one could not state with certainty that the bianch iias completely 
incapable of functioning In case 6, m which a complete lesion was 
anticipated, the lesions observed did not appeal sufficient to cause com- 
plete mteiiuption of the passage of impulses thiough the branch One 
might conclude with caution, therefore, that cases of complete cioss- 
sectional destiuction of the left bundle branch ma> be lare but that 
partial lesions compromising the function of the branch may be common 
and may produce electiocardiographic alteiations typical of left bundle 
bianch block 

111 only 1 of these 6 cases (case 5) uas it possible to state that 
there was complete destruction of the anteiior division of the left 
bundle branch, as has been said by Mahaim to be so common Even 
in this case there was also great involvement of the pos^erioi division 
This was the onl} case m which there was seveie scleiosis. with occlu- 
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Sion of the laige coronar}'' aiteries, of these the anterior descending 
blanch was the most affected In this case there was also considerable 
fibrosis of a portion of the right bundle branch, a point well explained 
by the vascular supply of the blanches 

One might attempt to explain why the right bundle bianch was the 
more seiiously damaged in the cases of rheumatic disease and the left 
bundle branch m the cases of cardiovascular renal disease Perhaps the 
artel itis of rheumatic etiology, involving more piommently the intia- 
myocardial aiteries than the large subepicardial ones, moie often affects 
the entile thickness of the interventricular septum and would be more 
likely to destroy completely the light bundle bianch m its mtramyocai- 
dial portion than it would the subendocardial portion, i e , the main 
portion of the extensive left bianch In cases of cardiovascular renal 
disease, which includes disease of the coionaiy arteries or arterial 
hypertension or both, the brunt of the strain, either vascular or hyper- 
tensive, IS borne by the left ventricle, therefore, it is fair to assume 
that the nutrition of the left bundle branch would be much more likely 
to suffei severely than that of the right branch 

Fiom a study of these 6 cases it appears that the amplitude of the 
ventricular complex is not entirely dependent on the state of the bundle 
branches in clinical cases 

COORDINATION OF DATA ON BUNDLE BRANCH BLOCK 

A careful weighing of the experimental data on bundle bianch block 
shows more points m favor of the newer terminology for electi ocardio- 
graphic curves The difference between the newer Ameiican and the 
older European concept, which involves mainly a reversal of terminol- 
ogy, IS explicable on the basis laigely of anatomic differences between 
man and the dog 

A review of the literature on bundle branch block reveals much 
confusion as to which electrocardiographic curves can piojDerly be desig- 
nated as typifying bundle branch block and as to which bundle branch 
IS affected Although the classic curves in cases of bundle branch block 
aie accepted by all, there are many atypical curves of unexplained origin 
The pathologist has not kept pace with the electrocai diologist even in 
connection with the classic curves 

A consideration of the large number of published leviews of senes 
of clinical cases of bundle branch block leads to the following conclu- 
sions Bundle branch block is not uncommon It occurs much more 
commonly in persons of middle age and early old age It is much more 
common in men than in women It is often but by no means always 
associated with definite chmcal or physical evidence of heait disease 
Left bundle branch block is much more common than light bundle 



94 


ARCHIVES OF INTERNAL MEDICINE 

blanch block, but the latter is not as uncommon as was oiigmally 
thought Cases of tiansient, mteimittent or “functional” bundle branch 
block aie not uncommon They usually indicate organic heait disease 
and would piobably be moie fiequently obseived if electiocaidiograms 
weie made moie fiequentl} in individual cases A piogiessive change 
fiom noimal cunes to those indicating bundle bianch block might also 
be obsei\ed more often if this weie done A sudden onset of perma- 
nent bundle bianch block is raiel}' noted The association of vaiious 
degrees of auiiculo\entiiculai block with bundle bianch block is not 
uncommon, and auiiculai fibrillation maj^ also occur m association with 
it Piematuie conti actions aie, of comse, faiily common accompani- 
ments The piognosis is grave, but many patients have lived foi seveial 
}eais aftei discoAei}^ of the condition 

The question as to nheie curves indicating ventricular prepondei- 
ance end and those indicating intraA enti icnlai block begin is not settled, 
but it IS probable that any mciease in the QRS interval over 0 1 second 
IS an indication of disease of one or both bundle branches Ventricular 
stiain ma} be impoitant in many cases m determining the diiection of 
the mam ventnculai complex and the T wave, particular!} m leads I 
and III The eftect of the position of the heait on the form of the 
electrocardiogiaphic curves should rarely be sufficient to cause much 
confusion in the interpretation of the curves 

The pathogenic factor m cases of bundle branch block is almost 
always disease of the coronary arteries, iheumatic or degenei ative, or 
hypertension, as indicated by a reMeA\ of the literature and the 16 cases 
reported in this article 

The histogenic factoi m bundle bianch block is mainl} fibrosis due 
to disease of the coronaiy aiteiies or to subendocaidial thickening due 
partly to stretching and strain from hypertension, but the studies per- 
foimed haAe been confusing, largely m regard to which bundle bianch 
was more sei^erely aftected I shall not attempt to explain the dis- 
crepancies among the reports of larious authors Of these authors, 
Mahaim has done the most careful and complete work The fact 
that his conclusions uphold m the mam the old terminology may be 
more a matter of interpretation of the lesions than of faulty technic 
The vascularization of the conduction system explains well why it 
IS rare for one bundle branch alone to be affected 

The histopathologic stud) of the 6 cases reported in detail in this 
article shows that (1) bundle branch lesions are probably almost always 
bilateral, (2) the pathogenic factoi is mainly disease of the coronary 
arteries or strain resulting from hypertension, (3) the morbid anatomic 
feature is fibrosis , (4) the new terminolog}^ of bundle branch block is 
more nearly correct for man than the old one, although the designation 
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as to right or left must be admitted to apply only to the branch more 
seriously damaged, (5) right bundle branch block is probably usually 
due to rheumatic arteritis or myocarditis, and left bundle branch block 
IS usually due to so-called degenerative cardiovascular renal disease, (6) 
a bundle branch need not be entirely destroyed at any level m order to 
cause retardation of the rate of conduction of the impulse through it, 

(7) the form of the electrocardiographic curve depends at least partly 
on the relativity of the degree of damage of the two branches and the 
extent and severity of involvement of the moie diseased branch, and 

(8) increased amplitude is not necessary for the diagnosis of bundle 
branch block 

There lemain many questions yet unansweied in regard to bundle 
branch block the pathogenic factor in the various t3^pes of bundle 
branch block or mtiaventricular block, the importance and effect of 
the location of the damaged region of the branch or branches , the alter- 
ation of the curves indicative of branch block by the extent and severity 
of the myocardial disease, the degree of heart failure and the relative 
weights of the ventricles , the form of the ST component of the electro- 
cardiogram, the reason for the direction of the complexes in lead II, 
and many others 

SUMMARY AND CONCLUSIONS 

A review of the essential literature concerning bundle branch block 
has been made 

Sixteen cases of bundle branch block, with necropsy data, have been 
reported 

Six cases of bundle branch block studied by means of seiial sections 
through the conduction system have been reported 

Bundle branch block is usually due to disease of the coronary 
arteries, either rheumatic or degenerative, or to hypertension resulting 
m strain of the left ventricle and impairment of the nutrition of the 
endocardium and bundle branch 

Bundle branch block is usually associated with bilateral bundle 
branch lesions, although one branch is usually more seriously affected 
than the other and probably usually determines the essential form of 
the electrocardiographic curve 

The newer, or American, terminology is moie nearly coirect for 
bundle branch block m man, although it must be admitted that whether 
right or left is used to modify the diagnosis of this conduction disturb- 
ance, the adjective merely indicates the branch more seriously affected 

The uncommon form of bundle branch block, right bundle branch 
block, IS probably usually due to rheumatic arteritis oi rheumatic myo- 
caiditis 
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The common form of bundle bianch block, left bundle bianch block, 
IS probably usually due to degenerative cai diovascular renal disease, 
meaning coionaiy aiteiioscleiosis or arteiial hypertension oi both 

A bundle bianch need not be entiiely destroyed at any level in ordei 
to produce electrocardiographic alteiations that may be designated as 
typifying bundle bianch block 

An increased amplitude of the ventricular complex is not essential 
to the electi ocardiographic diagnosis of bundle branch block 

Any increase of the QRS intei val beyond 0 1 second may indicate 
lesions of the bundle blanches 

Many questions lemain unansweied in legard to bundle bianch 
block, and many caieful histopathologic studies must be made before 
most of them can be answered 

Most of the photographs used to illustrate this article were made bj^ Ro}" 
Reeve, chief photographer of the Ariin ^ledical Aluseum 
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Hypei tension has long intrigued physicians Arteriosclerosis, a 
condition commonly associated with hypertension, has been extensively 
and profitably studied both clinically and pathologically Histologic 
studies of patients with hypertension, however, have yielded but little 
information concerning the mechanism of this malady The few ana- 
tomic changes that do occur are usually ascribed to the changes secon- 
dary to elevation of the blood pressure It might be better to consider 
h 3 ^pertension as a kinetic or an altered physiologic expression of a 
diseased condition Experiments illustrating altered or abnormal 
responses to a known or standard stimulus might then give some insight 
into this changed vascular state 

Following this line of reasoning, studies were begun First a 
standard procedure or test was necessary The amyl nitrite test of 
Stieghtz ^ appeared to fulfil the requirements, and it was tried A 
small pearl of amyl nitrite (0 3 cc ) was crushed in a towel and held 
directly under the patient’s nose He was then told to take three or 
four deep breaths of the vapor , studies of the blood pressure were made 
at frequent intervals In actual practice the test was easily made but 
was impossible to standardize No 2 patients would have the same 
depth of respiration, in fact, m many cases the patient instinctively 
drew his head away from the crushed ampule or held his breath, factors 
that precluded the inhalation of a known concentration of amyl nitrite 

A tablet of glyceryl trinitrate was then placed directly under the 
tongue, thus insuring a more definite administration of the drug After 
a few patients had been tested by this method, severe reactions, viz , 
nausea, vomiting, collapse and the involuntary passage of urine, were 
noted They appeared so alarming that it was decided to study their 
nature and frequency 

From the Department of Medicine, University of Illinois College of Medicine 

1 Stieghtz, E J Arterial Hj^pertension Evaluation of the Prognosis, 
Arch Int Med 46 227-235 (Aug) 1930 
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METHOD 

Fifty patients with essential hypertension and hypertensive heart disease were 
chosen from the outpatient dispensary None of them had ever been given any 
nitrites in the past They were admitted to the hospital the evening before the 
test so that they had twenty hours of complete rest in bed The remainder were 
taken directly from the dispensary and put at complete rest m a recumbent position 
until three successive blood pressure readings taken at five minute intervals were 
within 6 mm of mercur}’’ This was called the basal blood pressure It usually 
took from one-half to one hour to reach this low fixed level of blood pressure 
All patients were given this prehminar 3 ' period of rest and quiet before any test 
was performed After one test was finished another rest period was given until a 
satisfactor 3 ’' blood pressure level was reached before the second test was begun 

The Hines-Brown cold water test ~ was first given The patient’s hand was 
immersed in water at 3 C for exactly one minute Great care was taken in 
moving the basin containing the ice water mixture to and from the patient 
so as to minimize his muscular movements Two blood pressure readings were 
taken while the hand was in the water, the first one thirty seconds after immersion 
and the other just before withdrawal After the hand was removed from the 
water, estimations of the blood pressure were made every thirty seconds for 
three minutes and thereafter for ten minutes At the end of this period the blood 



Fig 1 — The capillarj' pipet uhich made possible the administration of accurate 
doses of spirit of glj'cervl trinitrate 

pressure had usually returned to its basal level In those few in whom it had 
not, a short rest period restored basal conditions 

An alcoholic solution of glyceryl trinitrate (spirit of glvceryl trinitrate) was 
used in all experiments to avoid the uncertain and irregular absorption of the 
drug that followed the use of the tablets It was given directly under the tongue 
by means of an accurately graduated pipet (fig 1) The glyceryl trinitrate 
content of the solution was assaj'ed chemically by Dr Clarence W Muehlberger, 
Cook County toxicologist and toxicologist for the department of pharmacology of 
the University of Illinois College of Medicine, who also advised with us concerning 
this work There were 8 2 mg of glyceryl trinitrate per cubic centimeter of 
solution Except when actually used, this solution was kept in a glass-stoppered 
bottle in the refrigerator Estimations of the blood pressure were made everj 
half minute for ten minutes or until a fairly stationary level was reached Sub- 
jective symptoms were recorded as they were mentioned by the patient, as were 
also the objective signs Inferential questioning was avoided, since this might 
have colored some of the responses Sixteen patients were given second and larger 
doses of the drug, and 4 were given third and still larger doses in an attempt 
to measure the quantitative responses of successive depressions in blood pressure 

2 Hines, E A , and Brown, G E The Cold Pressor Test for Measuring 
the Reactibihty of the Blood Pressure Data Concerning Five Hundred and 
Seventy-One Normal and Hypertensive Subjects, Am Heart J 11 1-9, 1936 
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Peripheral vasodilatation, the well known and typical nitrite reaction, led us 
to study the peripheral vascular changes In 12 patients the finger plethysmo- 
graph of Johnson 3 was used Responses were quite Aanable Capillary activity 
w'as investigated by means of a modification of the Lewis histamine flare method 
Thirty-tw'o patients w'ere given 0 2 cc of a fresh 1 1,000 solution of histamine 
phosphate subcutaneously Readings were made five, ten, fifteen and twenty minutes 
after the injections Three fifths of the group (32 patients) were recalled, and 
their capillaries w'ere studied by direct inspection of the nailfold both before and 
after the administration of glycerjd trinitrate 

RESULTS 

Of this group of 50 patients with hypertension, 9, or 18 per cent, 
had mild to seveie reactions after the administration of glyceryl trini- 
trate These disti essing responses to a drug that is generall}'- considered 
quite harmless justify their full report 

REPORT or CASES 

Case 1 — O , a w'hite woman aged 68, had a basal blood pressure of 220 
systolic and 120 diastolic Four minutes after 0 24 mg ( Jioo grain) of the 
standardized glyceryl trinitrate w'as placed under her tongue, the blood pressure 
fell to 170 systolic and 110 diastolic A minute later the systolic reading was 
70 mm , and six minutes after the drug w'as given the pressure could not be 
determined She was unconscious and w'as covered with cold perspiration, and 
her skin was ashen gray Syncope lasted for three minutes Two minutes later 
the blood pressure was 106 systolic and 92 diastolic, she said she felt better than 
before she fainted, although she still had a slight feeling of impending death 
Improvement gradually continued, so that tw'enty-tw'o minutes after the drug was 
given she felt normal and the blood pressure W'as 124 systolic and 94 diastolic 
Then she W'as told to move her arms and legs Fifteen minutes after this exercise 
the blood pressure rose to 200 systolic and 118 diastolic (fig 2) 

Case 2 — S , a white woman aged 68, had a basal blood pressure of 188 
sjstolic and 122 diastolic A slight fall in the blood pressure followed the giving 
of 0 4 mg (VioO grain) of the standardized glycerjd trinitrate solution Three 
minutes later the blood pressure had returned to the basal level , five minutes 
after the drug was given it w^as 208 systolic and 110 diastolic, but she felt ill, 
her face w'as gray and her skin was cold and clammy She continued to feel 
ill , she tried to vomit and became unconscious for two minutes Seven minutes 
after taking the glyceryl trinitrate she suddenlj’’ regained consciousness, her color 
became good and the blood pressure was 188 systolic and 84 diastolic The recovery 
W'as complete w'lthm tw'elve minutes (fig 3) 

Case 3 — N G, a Negress aged 52, had a basal blood pressure of 224 systolic 
and 124 diastolic About two minutes after 0 4 mg (Mso gram) of the standard 
glyceryl trinitrate solution was given, this patient fell ill, w'as restless and tried to 
get out of bed This disturbed the arm cuff so that consecutive readings were 
impossible, although the arm cuff w'as replaced as soon as possible Five and a 

3 Johnson, C A Studies on Peripheral Vascular Phenomena A New 
Device for a Study of Peripheral Vascular Phenomena in Health and Disease, 
Surg, Gynec & Obst 55 731-737, 1932 

4 de Takats, G The Cutaneous Histamine Reaction as a Test for Collateral 
Circulation in the Extremities, Arch Int Med 48 769-785 (Nov ) 1931 
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in!-^ after the drug was given, the blood pressure was 176 systolic and 

106 diastolic, and she had a severe headache During the next five minutes the 
blood pressure gradually fell to 128 systolic and 84 diastolic Then she became 
ill, muttered incoherently, moaned feebly and tried to vomit As the pressure fell 



Fig 2 (case 1) — A marked fall in blood pressure occurred after 0 24 mg 
of glyceryl trinitrate was administered and a severe reaction occurred The black 
blocks to the left represent the range of the patient’s blood pressure before a basal 
level was reached 



Fig 3 (case 2) — A slight rise in blood pressure and a severe reaction occurred 
after the administration of glyceryl trinitrate 


to its lowest point (118 systolic and 74 diastolic), the nausea disappeared, and 
the headache /‘wasn’t bad” Inhalation of aromatic spirit of ammonia produced 
no rise in blood pressure, whereas movements of the arms and legs caused a 
marked increase (fig 4) 
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Case 4—1 B N, a 57 year old white woman, had a basal blood pressure 
of 176 systolic and 106 diastolic She was pven 0 4 mg (Mso gram) of the 
standard glyceryl trinitrate solution Three minutes later the blood pressure 
fell to 134 systolic and 112 diastolic, its lowest value, then it gradually rose 

220- 1 ^ '"■''’'‘■AA’ 

■ SYSTOLIC V 
200 - \ 


\ 

\ 



effects of nitrites occurred 


200 1 N 



Fig 5 (case 4) — A mild reaction and no appreciable alteration of blood pres- 
sure were noted after the administration of glyceryl trinitrate 

Seven minutes after the test was begun she complained of severe throbbing in 
the epigastric area, fulness in the region of the liver, headache and dizziness 
Subsequently, she became extremely weak, perspired profusely and was soon 
covered with a cold sweat, however, her pulse was full and bounding Within 
five minutes there was rapid and complete recovery A second dose of 0 65 mg 
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(Vioo gram) of gl 3 'ceryl trinitrate was given Although there was a lower and 
a more sustained fall in blood pressure, scarcely any sj'mptoms were present 
except the abdominal pulsation 

Case 5— M W, a white woman aged 45, had a basal blood pressure of 250 
systolic and 120 diastolic A tablet of glj'ceryl trinitrate, 0 6 mg (^oo grain), 
was placed under her tongue, and seven minutes later she complained of faintness 
and nausea Shortlj afterward she became unconscious and made repeated retching 
and vomiting movements, succeeding in bringing up onlj-^ a small quantity of 
bile-tmgcd mucus During this time, about five minutes, she was ashen gray and 
had shallow respirations and cold, moist skin Urine was passed involuntarily 
Artificial respiration and spirit of ammonia were used to revive hei After 
twenty minutes she recovered completely, and an hour later she was induced to 
take 02 mg (Ym gram) of gljccrjd trinitrate A slight headache was the only 
effect of this second dose of the drug 

Case 6 — E F, a 47 year old white man, had a basal blood pressure of 150 
systolic and 90 diastolic Seven minutes after a tablet of glj'cerjd trinitrate, 0 6 mg 
(Moo gram), was gnen to him, he complained of being dizzy, mumbled a few 
words about approaching illness and fell forward from his chair The syncopal 
attack lasted for three minutes, when he suddenly opened his eyes and asked what 
had happened There was complete recovery fifteen minutes after the drug was 
given 

Case 7 — J L , a 47 year old white man, w ith a basal blood pressure of 160 
sjstolic and 95 diastolic, was given a tablet of glj'ceryl trinitrate, 0 4 mg (Mso 

gram), and seven minutes later he complained of -vertigo, pounding in his head 

and nausea He raised a small amount of bile-tingcd vomitus but within twenty 
minutes had recovered completely 

Case 8 — A T, a white woman aged 51, w'lth a basal blood pressure of 198 
systolic and 115 diastolic, had been tested w’lth 0 4 mg (Mso grain) of glycerjd 

trinitrate previousl} and had suffered only slight throbbing m the head She 

w'as recalled to the laboratory and gnen 04 mg (Moo gram) of the drug prepara- 
tory to a study of changes m the capillary bed of the nail fold Cyanosis, nausea 
and fainting occurred seven minutes after the drug was given During this interval 
there had been a period of increased capillary flow, followed by the appearance 
of more capillary loops per field of observation It w'as follow^ed by a cessation of 
flow through the capillaries, and for fully two minutes before the reaction occurred 
there w'as cessation of flow through the capillary loops Her symptoms were so 
alarming that several injections of 0 5 cc of 1 1,000 epinephrine hydrochloride had 
to be given She soon regained consciousness and felt better Eight minutes later, 
or fifteen minutes after the glyceryl trinitrate was given, the blood pressure was 
115 systolic and 74 diastolic Complete recovery speedily follow^ed 

Case 9— S H, a white woman aged 39, had a basal blood pressure of 220 
systolic and 110 diastolic She had previously been tested with 0 4 mg (Mso gram) 
of glyceryl trinitrate but showed no reaction Four minutes after she was given 
0 2 mg of the standardized glyceryl trinitrate solution, she felt “funny ” A few 
seconds later she slumped forward m her chair, and at five minutes the blood 
pressure was 230 systolic and 124 diastolic Within the next three minutes two 
fields of capillaries m her nailfold were found to be inactive Attention was then 
turned to reviving the patient Although inhalations of spirit of ammonia did not 
appear to raise the systemic blood pressure, it did hasten her recovery Ten 
minutes after the onset of this reaction there was a slight activity of the capil- 
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larj bed Recovery was well advanced by thirteen minutes after the collapse, the 
blood pressure was 218 S 3 "Stolic and 112 diastolic and normal capillary activity had 
been resumed 

Sixteen patients were given a second dose of glycer}! trinitrate, 
and 4 of them were given a third dose of the drug This group were 
selected from the 50 because they showed a fall in blood pressure that 
was fairly typical of a nitrite reaction, but they did not give any leac- 
tions The blood pressure readings of this group averaged 220, an 
initial average dose of 0 4 mg (% 5 o g^'^in) of glyceryl trinitrate pro- 
duced an average fall of 21 mm m the systolic pressure, an aveiage 
second dose of 0 6 mg (3^oo gram) produced an average fall of 16 mm 
and the 4 patients who received a third dose of the drug showed about 
the same depression of blood pressure as that after the second dose 

Posture appeared to affect the appearance of these leactions The 
more severe reactions occurred when the patient was tested while m 
a sitting position (cases 5 to 9), and less severe reactions took place 
while he was in a recumbent position (cases 1 to 4) Also m several 
cases the patient who had a mild reaction while in a prone position 
showed a slight secondary reaction when he got up from the examining 
table This could not be ascribed to muscular activity, since we fre- 
quently had each patient who had had such a reaction exercise his arms 
and legs after he recovered from his reaction but while he was still 
on the table No secondary reaction was ever observed after this type 
of exercise 

A wide variety of responses followed the application of the Hines- 
Brown cold pressor test A rise of from 0 to 9 mm in systolic blood 
pressure occurred m 9 cases, a rise of from 10 to 19 mm m 13 cases 
and a lowering of 24 mm m blood pressure in 1 case Twenty patients, 
or 40 per cent of this group, showed a normal response, 14 patients, 
or 28 per cent, showed a preorganic hypertensive response, and 12 
patients, or 24 per cent, showed an organic hypertensive response 
Seven of the 9 patients who had a seveie reaction were given the pressor 
test Unfortunately we were unable to obtain readings for the other 
2 (cases 5 and 6) Maximal systolic rises were 22, 28, 32, 20, 12, 12 
and 0 mm No correlation between the height of the rise after the cold 
water test and the severity of the reaction after the giving of glyceryl 
trinitrate was possible In fact, earlier tests usually gave greater eleva- 
tions of blood pressure than later ones This was due to the increasingly 
greater care that was taken to minimize the muscular movement of the 
patient In later experiments the patient’s hand was passively placed 
in the basin of ice water that had been brought to his bedside 

Tracings of arterial pulse waves, taken with the Johnson plethys- 
mograph, showed no regular or typical reactions to glyceryl trinitrate, 
on the contrary, many of the patients showed a diminution or absence 
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of pulse waves Neither was the histamine flare test of aity value, as a 
great majoritj- of the patients tested showed normal lesponses There 
was no constant association of the size oi the type of wheal, the aiea 
of er}lhema, the extent of the hypei tension oi the degiee of tortuosit} 
of the vessels It appeals that the capillary damage must be severe 
before the histamine reaction is impaired 

Studies of the capillaries were also made for the same 32 patients 
who weie given the histamine test The nailfold was used, and five to 
ten minutes was spent in an initial study of capillary activity While 
the patient’s hand was still in position undei the microscope, 02 mg 
(/4co gram) of the standaidized solution of glyceryl trinitrate was 
placed undei his tongue Obseivation of the capillary field was 
almost constant save ioi ibis shght interruption In the majority of 
cases there was an increased rate of flow through the capillaries of the 
skin several minutes after the drug was given, unaccompanied by any 
change m size of either the aiterial or the venous limb After ten to 
fifteen minutes the flow returned to normal In 3 cases a decreased 
rate of flow followed the taking of the drug In only a few cases (4 
patients) did complete blanching, i e , disappearance of the vessel, occur 
More commonly there would be a decrease m capillary flow, then the 
cells remained stationary in the vessel and blanching was not present 
Here and there a space wmuld appear behind the mass of cells on the 
arterial side, and the cells would proceed thiough the venous limb, thus 
emptying the vessels 

Anothei interesting observation Avas the simultaneous reaction of 
pairs of capillaiy loops In some fields these paired vessels could be 
easily detected by their synchronous acceleration, slowing and cessation 
of blood flow in contrast to the other capillaries that did not present 
identical variations Some of these paired vessels could be traced to a 
single common aiteiiole, a moie deeply embedded vessel 

COMMENT 

Inhalation of amyl nitrite for the relief of pain in angina pectoris 
was first advocated by Lauder Brunton, in 1867 Since that tune 
glyceryl trinitrate has been recommended for more than forty-six ail- 
ments “ At present, however, its usage is restricted mainly to hyper- 
tension and angina pectoris Its use has been suggested for seasickness, 

5 Merck, E Nitrite und Nitroverbindungen Wissenschaftliclie Abhandlugen 
aus den Gebieten der Pharmakotherapie, Pharmazie und verwandter Diziplmen, 
Darmstadt, E Merck Chemische Fabrik, 1920, no 38 

6 Pearcy, J F, and Hayden, D B Preliminary Report- on Sodium Nitrite 
Therapy in Seasickness, J A M A 90 1193 (April 14) 1928 
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thromboangiitis obliterans/ cyanide poisoning,® acrocyanosis ® and spas- 
modic conditions of the stomach and colon, as the result of favorable 
experimental evidence Recently, it has been effectively employed for 
the relief of pain and colic after cholecystectomy by McGowan, Butsch 
and Walters 

There is a prevailing opinion among the members of the medical 
profession that glyceryl trinitrate is harmless Stieglitz ^ has said 
“The frequency with which amyl nitrite or nitroglycerine are admini- 
stered with impunity in angina pectoris indicates strongly that the risk 
IS minor if it exists at all ” Unpleasant and even alarming symptoms 
had been recognized by the earlier writers, but the doses of glyceryl 
trinitrate were of the order of 6 mg (%o gram) The fatal cases of 
nitrite poisoning followed the ingestion, either accidental or intentional, 
of large quantities of the drug Nystrom described 2 cases of glyceryl 
trinitrate poisoning At the end of an hour, cyanosis, dyspnea and 
delirium were present, coma and death followed within six hours 
Necropsy showed marked filling of the vessels of the pia mater, venous 
sinus and cerebral cortex and injection of the optic thalamus and the 
ventricles The kidneys and mucosa of the stomach, duodenum and 
colon were hyperemic, while the heart and lungs were normal The 
normal appearance of the lungs was in keeping with the experimental 
results of Love and McGuigan,^® who found strips of the pulmonary 
artery unaffected by glj^ceryl trinitrate 

The exact lethal dose of glyceryl trinitrate for man has not been 
determined for want of leliable observations In many reports, men- 
tion IS made of the fact that part of the drug had been lost by emesis 
prior to absorption, making definite deductions impossible 

In Germany glyceryl trinitrate has been used extensively It was 
for awhile in favor, only to fall into disuse Neither lack of experience 
nor improper preparations of the drug could be blamed, but it was felt 
that the drug was highly poisonous and too dangerous This period 
was followed by a number of leports which showed that the toxicity 

7 Schlesmger, H Die Prognose der Thromboangitis Obliterans, Klin 
Wchnschr 9 2112-2114, 1930 

8 Hanzlik, P J , and Richardson, A P Cyanide Antidotes, JAMA 
i02 1740-1745 (May 26) 1934 

9 Cortes, C Intermittent Claudication Treatment, abstracted, JAMA 
91 917 (Sept 22) 1928 

10 Beams, A J Nitrites in Spasmodic Conditions of the Gastro-Intestmal 
Tract, J A M A 97 907-910 (Sept 26) 1931 

11 McGowan, J M , Butsch, W L, and Walters, W Pressure in the 
Common Bile Duct of Man, JAMA 106 2227-2230 (June 27) 1936 

12 Nystrom, C Om nitroglycerin, Upsala lakaref forh 2 232-252, 1886 

13 Love, G R , and McGuigan, H A The Action of Nitrites on Pulmonary 
Circulation, J Lab & Clin Med 10 882-884, 1925 
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of the drug was not gieat As much as 0 30 to 0 4 Gm (5 to 7 grams) 
of glyceryl ti initiate was given to patients as a single dose without ill 
effect “ Again glyceryl tiinitrate was in vogue, and its popular use in 
hypertension and angina was general 

Inci eased sensitivity to the diug has been infrequently mentioned 
Amyot leported on a patient who lost consciousness aftei contact 
with a piece of wood dipped in 1 pei cent solution of glyceryl trinitrate 
Two cases of collapse following the use of 0 65 mg (%oo gram) of 
the diug weie described by P D White In a senes of 110 patients 
receiving therapeutic doses of glyceryl tnnitiate, 0 65 to 13 mg 
(Moo to Mo giain), foui leactions were noted by Piogei and Ayinan 
All these reactions occurred m women between the ages of 58 and 67 
who had hypertension In each instance a rapid and marked drop m 
blood piessure, decreased radial pulse, cold perspiration, weakness, 
anxiety, restlessness and palloi were noted All presented the picture 
of impending collapse In 2 cases the blood pressure was so low that it 
could not be recorded Duiing an attack, complete heait block was 
demonstrated electrocai diographically in 1 case Collapse following the 
administration of glyceryl trinitrate occuried m 3 cases reported by 
Sprague and White A therapeutic dose of the drug was presumed 
to have been given 1 man, but he had vomited and was unsconcious 
when first seen A 68 year old woman was given 0 3 mg (Moo gram) 
of the drug foi the relief of an anginal attack Five minutes later she 
walked out of the room, but ten minutes latei she tottered back and 
fainted In the remaining case faintness, a small pulse, weak heart 
tones, ashen giay pallor and collapse were noted 

The seiious nature of these leactions to therapeutic doses of glycer}d 
trinitrate led us to study their frequency and to seek a method of pre- 
dicting their occurrence As these reactions are similar to those of 
vasomotor collapse, it was thought that some method of testing vaso- 
motor lability might give a clue to their nature The cold water piessor 
test appealed to be suitable Incident to the employment of this test, 
certain objections appeared It was noted that the degree of movement 

14 Stewart, D D Tolerance to Nitroglycerin, J A M A 44 1678-1679 
(May 27) 1905 Hochaus, H Discussion uber Artenosklerose, Verhandl d 
deutsch Cong f inn Med 22 165-166, 1904 von Noorden, C Discussion uber 
Artenosklerose, ibid 21 152-154, 1904 

15 Amyot, cited by Merck ® 

16 White, P D The Significance and Treatment of Cardiac Symptoms, 

New England J Med 205 907-914, 1931 

17 Proger, S H, and Ayman, D Harmful Effects of Nitroglycerin, with 
Special Reference to Coronary Thrombosis, Am J M Sc 184 480-491, 1932 

18 Sprague, H B , and White, P D Nitroglycerin Collapse— A Potential 
Danger m Therapy A Report of Three Cases, M Clin North America 16 895- 

898, 1933 
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incident to that made by the patient -when immersing his hand in -water 
seemed to be reflected in the use in blood pressure The test -was modi- 
fied so that the basin of ice water was moved to the patient’s hand 
and his hand passively moved into and from the ice water, minimizing 
the muscular movements Considerably less pressor effect occuired 
after this new piocedure was instituted In other expeiiments the 
hand was kept in the ice water mixture for longer periods , some patients 
had ice applied directly to the doisum of the hand However, the 
response to cold seemed in no way to bear a relation to the previous 
degree of arterial tension , rather, it appeal ed to be proportional to the 
discomfort of the patient Similai observations have been leported by 
Pickering and Kissin 

Neither the histamine flare test noi the records of the pulse volume 
were of assistance m foretelling these reactions Injection of histamine 
pioduces dilatation of the capillaries and venules of the skin Using 
the Capps method of measuring the tone of finer vessels, Wilkins, 
Haynes and Weiss found the tone of the arterioles normal even 
during collapse induced with sodium nitrite The Johnson finger 
plethysmograph presumably records changes m the pulse volume m the 
smallei arteries or arterioles Our tracings from this apparatus gave 
no information concerning these reactions 

Reactions have been attributed to the sudden fall in blood pressure , 
however, we noted mild reactions with an elevation of blood pressure 
A rise in systemic blood piessure after the administration of glyceryl 
trinitrate is not uncommon Burgess found that the reaction to 
nitrites was not related to the degree oi the rate of fall of the blood 
pressure This was also our experience Wilkins, Haynes and Weiss 
have placed the site of action of the nitrites on the venous side of the 
circulation This action results in an increase in the venous volume, 
a pooling of peripheral blood in the venous system and a decrease m 

19 Pickering, G W , and Kissin, M The Effects of Adrenaline and of Cold 
on the Blood Pressure in Human Hypertension, Chn Sc 2 201-207, 1936 

20 Capps, R B A Method for Measuring Tone and Reflex Constriction 
of the Capillaries, Venules and Veins of the Human Hand with the Results in 
Normal and Diseased States, J Chn Investigation 15 229-239, 1936 

21 Wilkins, R W , Haynes, F W, and Weiss, S The Role of the Venous 
System in Circulatory Collapse Induced by Sodium Nitrite, J Chn Investigation 
16 85-91, 1937 

22 Loomis, H P The Limitations of the value of Nitroglycerine as a 
Therapeutic Agent, M Rec 67 411-413, 1905 Hewlett, A W The Effect 
of Amyl Nitrite Inhalations upon the Blood Pressure in Man, J M Research 
15 383-393, 1906 MacNider, W de B The Action of Nitrites on the Heart, 
Am J M Sc 135 99-105, 1908 Dmitrenko, L F Zur Pharmakod 3 mamik des 
Nitroglyzerins, Ztschr f klin Med 68 458-470, 1909 

23 Burgess, A M The Reaction to Nitrites in the Anginal Syndrome and 
Arterial Hypertension, Ann Int Med 5 441-462, 1931 
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the volume of circulating blood We found that deep breathing and 
movements of the arms and legs, procedures that facilitate the return 
of venous blood to the heart, ^Yere most effective in preventing collapse 
Inhalation of spirit of ammonia and artificial respiration were more 
reliable than injections of epinephiine in preventing leactions and in 
resuscitating these patients Also these reactions are less severe when 
the patient is in a prone position than when he is upright Any pro- 
cedure that vill prevent venous blood from pooling or accumulating in 
the venous channels and \\ill thus decrease the volume of effective cir- 
culating venous blood will prevent oi minimize these reactions 

suAr:\rARY 

Severe reactions not infrequently follow the administration of 
glyceryl trinitiate to patients with hypertension The nature and fre- 
quenc}’^ of these leactions w’cic studied Fifty patients with essential 
hypertension or hypertensne heart disease w'cre selected from the out- 
patient dispensar}' A cliemically assaj'cd solution of glyceiyl trinitrate 
w'as carefully administeied directly under the patient’s tongue with an 
accurately graduated pipet All tests were made under standard basal 
conditions, and frequent blood pressure readings w^ere made Nine 
patients (18 per cent) show^ed leactions, i e , nausea, vomiting, syncope, 
collapse and involuntar} passage of mine and feces These follow^ed 
doses as low' as 0 24 mg (Vjoo and w'ere more severe when the 

patient w'as sitting up than wdien he w'as recumbent All the patients 
recovered completely within an hour Four w'ell knowm clinical pro- 
cedures w'ere applied m these cases in the hope of determining unusual 
vasomotor lability The Hines-Biowm test, the histamine flare test, 
changes in the pulse volume and observations of the capillaries of the 
skin w'ere of no assistance in predicting these reactions 
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ACUTE AND CHRONIC MEDIASTINITIS 

A STUDY OF SIXTY CASES 
CHESTER S KEEFER, MD 

BOSTON 

Acute and chionic infections of the mediastinum are of sufficient 
frequency and importance to deserve more attention than has been given 
them This seems especially significant since with the development and 
impiovement of surgical technic it is possible m many cases to bung 
about striking impiovement and even complete cuie During the past 
few yeais I have had the opportunity of obseiving a group of patients 
with various types of mediastinitis, and at this time I wish to review 
this experience and repoit on other patients who have been observed at 
the Boston City Hospital 

PATHOGENESIS OF MEDIASTINITIS 

Infection of the mediastinal tissues is always secondary to infection 
of the various structures of the mediastinum or to infection extending to 
the mediastinal tissues fiom other locations, such as the neck, spine, 
lungs, pleurae or abdomen The paths of extension of foci of infection 
m the neck and mediastinum have been made the subject of special 
study and investigation recently by Lerche,^ Lambert and Beiry,- Furs- 
tenberg and Yglesias,® and Coder and Yglesias ^ For purposes of dis- 
cussion, abscesses of the mediastinum can be divided into those involving 
the antei lor mediastinum and those involving the posterior mediastinum 
In some cases of rapidly advancing infection the entire mediastinum is 
involved, and a localized abscess does not appear This condition is 
frequently referred to as diffuse phlegmonous mediastinitis The present 
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gioiip of sixty patients were divided in accoi dance with the location of 
the piocess, as shown in the accompanying table 

Befoie discussing the cases it is well to review the paths of extension 
and the i oentgcnographic appearance in mediastinal infections Famil- 
ial ity with these two aspects of the condition is of great assistance m 
making a diagnosis 


Data Concerning Sixty Cases of Acute and Chiontc Mcdiaslimtis 


A Abscess of nnterior incdlnstiniiin 

I Acute abscess dependlnfr on 
a Ostcoinjelitls of sternum 
b Ulceration of lurjnv 
c Cellulitis of neck 
d Infarct of lungr 
e Pneuniococclc infection 


Total 

Cases Keco^erj Death 


1 

4 

2 

i 

1 


2 

1 


1 

4 

1 


lotal 


9 


11 Chronic mediastinltls from 

a Siphilitic mediastinltls 3 

1 Tracheal stenosis, thrombosis of left Innominate 

veins 

2 Thrombosis of superior vena ca\a 

3 Ancurjsra of aorta, thrombosis of Innominate \cins 
b Itlcdlastlnopcrlcardltls 

1 Ssphllls uith aneurysm of aorta 1 

2 niieumatio heart disease with mitral stenosis 5 

c Cause undetermined 2 


1 2 


1 


1 

3 

1 


Total 


9 


B Abscess of posterior mediastinum 

I Acute abscess 

a Perforation of esophagus b> 

1 Poreign body 

2 Carcinoma of esophagus 

3 Aneurjsm of aorta 

4 Stricture of esophagus 

5 Rupture of esophagus 
0 Tumor of lung 

b Suppuration of Ijmph nodes 


9 

7 

0 

1 
1 
1 
0 


6 

7 

2 

1 

1 

1 


Total 


23 5 IS 


11 Chronic abscess 

a Abscess, tuberculosis 

C Acute dilluso mediastinltls 

I Pneumonia 
ir Peritonitis 

Total 


Total 


s 

0 

1 

14 


14 

2 


2 

16 


16 



— 

60 

12 

4S 


PATHS or EXTENSION IN MEDIASTINAL INFECTIONS 

The diagnosis of a mediastinal abscess may depend, in part at least 
on the manner in which the infection spreads Indeed, in some cases 
the diagnosis may be obscured by the piesence of an infection m an 
area adjacent to the mediastinum As previously stated, the pathways 
of spread have been worked out by Lambert and Beuy= and Fursten- 
berg and Yglesias ® Lambert and Beiry have pointed out that an abscess 
may spread upward into the fascial planes of the neck, downwaid into 
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the retroperitoneal connective tissue, posteiiorly along the bodies of the 
vertebrae to the endothoracic fascia outside the pleura and the paiietal 
pleura or through the bioad ligaments of the lung beneath the visceral 
pleura and into the substance of the lung down the laiger branches of 
the bionchial tree An exudate in the anteiior mediastinum dissects 
beneath the sternum and outside the anterior pleural reflexion The 
abscess may also compress the esophagus or the trachea and bronchi 
and may actually ruptuie through these structures Extension to the 
pleural cavity has also been obseived 

ROENTGENOGRAPHIC APPEARANCE IN MEDIASTINAL INFECTIONS 

Roentgen examination of the chest is of significance in the diagnosis 
of an abscess or of a chronic infection of the mediastinum The changes 
consist of unilateral or bilateral triangular shadows superimposed on 
the cardiac shadow oi of lounded or triangular shadows in the supeiior 
mediastinum There may be, of course, an associated empyema or extra- 
pleural abscess obscuring the pulmonary fields When the abscess is 
in the superior mediastinum, the esophagus is displaced anteriorly This 
can be seen under the fluoroscope, especially in the lateral view When 
the abscess is lateral to the trachea, there is a unilateral rounded shadow, 
but the trachea is often not displaced If a laige abscess is neai the 
bifurcation of the trachea, there may be some widening and compression 
of the bronchi, with pulmonary atelectasis 

The spine should be examined for signs of destruction in all cases 
of suspected posterior mediastinal abscess, since destruction is evidence 
of Pott’s disease or of pyogenic or mycotic infection of the vertebiae 
The condition that is most likely to be confused with mediastinitis 
IS a mediastinal pleural effusion or a mediastinal tumor 

In cases of mediastinal pleural effusion the shadows are triangular 
on either side of and continuous with the median shadows of the chest 
No caidiac pulsation is seen m the abnormal shadow, and the heart oi 
the lung may be displaced to the opposite side The condition is almost 
always unilateral In cases of paravertebral abscess the shadow is 
definitel}'' sepaiated from the posterior mediastinal pleural space and 
has its origin in the posterior thoracic wall The shadow of the abscess 
is seen on both sides of the spine 

DIAGNOSIS 

The diagnosis, then, will depend on the history of a condition 
which IS capable of causing infection of the mediastinum, together with 
the symptoms and signs of infection of the mediastinum, familiarity 
with the paths of extension of such an infection, and the roentgeno- 
graphic findings in the chest 
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The roentgenographic findings in cases of chronic fibrous inedias- 
tinitis will vary, depending on the extent of the process and whether 
the pericardium is involved at the same time In some cases there may 
be only a dense shadow extending beyond the costosternal borders or 
the hilus, irregulai in outline, and not having the sharp, well defined 
borders of an abscess or tumor The process is most conspicuous about 
the trachea and bronchi and extends to the cential part of the lungs 
During inspiration the heait is displaced upward 

ABSCESS IN THE ANTERIOR MEDIASTINUM 

There wei e eight cases of abscess of the anterior mediastinum Each 
abscess arose from an extension of an infection from the neck, larynx, 
sternum, lymph nodes or lung In lepoits of one hundred and fifteen 
cases collected b}' Hare,° abscess in the anteiioi mediastinum was more 
common than abscess in the posterior mediastinum In many cases the 
abscess followed an injury, such as fracture of the sternum, or an 
infection, such as eiysipelas or some condition involving the respiratory 
tiact Most of the chronic abscesses weie due to tuberculosis Infection 
of the wound after an opeiation on the neck may be followed by medi- 
astinal abscess 

Another lare cause of abscess in the anterioi mediastinum is an 
infection following an operation involving the upper portion of the 
abdomen, such as cholecystectom) , oi an infection of tlie gallbladder 
without suigical tieatment Such cases have been recorded by Whipple ® 
and Kornblum and Osmond " 

When pus accumulates in the anteiioi mediastinum it tends to 
extend to tiie extciioi, and it may present in the suprasternal notch or 
at the antenor border of the sternocleidomastoid muscle It may gravi- 
tate down and cause a painful, tender area in the region of the xiphoid 
cartilage On lare occasions such an abscess may present beneath the 
sternoclavicular region or may perfoiate into the costal interspaces in 
the pai asternal line An abscess Aihicli peifoiates is usually chronic 
and due to tuberculosis or actinomycosis 

The symptoms and signs of an abscess in the anteiioi mediastinum 
aie those of an infection m this region Pam is a conspicuous feature 
and IS usually substernal and throbbing Theie may be irritative phe- 
nomena, such as cough and pain on movement of the trachea Swelling 
and edema of the neck and thoiacic wall, with dilatation of the veins, 

5 Hare, H A Mediastinal Disease, Plnladelplna, P Blakiston’s Son & 
Co, 1888, p 96 

6 Whipple, A V, in discussion on Lambert and Berry = 

7 Kornblum, K, and Osmond, L H Mediastmitis, Am J Roentgenol 
32 23, 1934 
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ma} be conspicuous In one case, after pneumonia which resolved 
spontaneously, theie weie signs of obstiuction of the right innominate 
vein and swelling of the neck and light arm Paioxysmal hypertension 
may accompaii} the abscess Such a case was observed by McKinlay, 
Kmsella and Radi ® 

On the whole, the signs of infection predominate, and the local signs 
may be indefinite, but when present they are due to compression and 
iiritation of surrounding stiuctures Roentgenogi aphic examination of 
the chest is important, since evidence of the presence of a supra-aortic 
stiucture which has displaced either the trachea or the esophagus 
posteriorly ma}^ be of gieat diagnostic assistance 

The following case illustrates the course of events when an abscess 
of the anterior mediastinum develops after an infection in the neck 

Case 1 — A 36 year old woman with symptoms of hyperthyroidism was 
admitted to the hospital, and thj'roidectomy was performed After the opera- 
tion fe\er and signs of an infection in the operative wound developed This con- 
dition persisted for fourteen days, when the temperature increased to 102 F 
There were cough and a few rales m the left side of the chest posteriorly A 
roentgenogram shoved evidence of bronchopneumonia m the lower lobe of the 
left lung and some increase in the width of the shadow of the superior mediastinum 
On the twentieth da}’- after operation the temperature continued to be elevated, 
and the patient complained of severe substernal oppression, especially under the 
manubrium of the sternum There was increased retromanubnal dulness, and 
the roentgenogram showed deviation of the trachea to the right, an increase in 
the supracardiac shadow and signs of consolidation of the lower lobe of the 
left lung On the thirty-second day after the operation the wound in the neck 
was bulging somewhat, and roentgenograms continued to show widening of the 
mediastinum A clamp was inserted into the superior mediastinum from the 
draining sinus in the neck, and a large amount of pus was evacuated The pus 
showed hemolytic streptococci in pure culture 

After drainage of the abscess the temperature gradually declined, and the 
improvement was striking Complete recovery followed within ten weeks after 
operation and within five weeks after drainage of the abscess The course of 
the temperature is charted in figure 1 

Siimmaiy — This case illustrates the course of events when a mediastinal 
abscess follows an infection of the neck The symptoms and signs of infection 
were conspicuous for several w'eeks before there was evidence suggesting a 
mediastinal abscess After drainage of the abscess, recovery followed promptly 

CHRONIC ABSCESS OF THE ANTERIOR MEDIASTINUM 

Chronic abscess of the anterior mediastinum is due most often to 
tuberculosis Fibrosis of the anterior mediastinum is due to the same 
cause, but, m addition, one must consider the possibility of syphilis 

8 McKinlay, C A , Kmsella, T J , and Radi, R B Acute Essential 
H}"pertension Precipitated bv Mediastinal Abscess, Arch Int Med 54 645 (Oct ) 
1934 
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Tuberculous abscess of the anterioi mediastinum results fiom 
broken-down necrotic lymph nodes oi from an extension of tuberculosis 
from the sternum oi the lung It ma}'- remain localized, perforate the 
thoracic wall, appear in the supi asternal notch or produce sinuses 
through the thoiacic wall When sinuses appear the disease may be 
confused with peiforation of an infected deimoid cyst of the mediastinum 
or with actinomycosis 

The symptoms and signs ai e those of chronic infection, with evidence 
by physical and i oentgenologic examination of a mass in the anterior 
mediastinum causing compression of blood vessels or swelling of the 
thoracic wall There were no instances of chronic tuberculous abscess 
111 the present gioup of cases 

CHRONIC DirrUSE MEDIASTINITIS 

Chionic fibrous mediastmitis arises m the same way as acute niedi- 
astinitis, but the etiology is somewhat difterent It is caused by (1) 
tuberculosis, (2) syphilis, (3) mycotic infection (actinomycosis or 
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Fig 1 (case 1) — Chart showing the temperature cune in a case of medias 
tinitis following tlwroidectom}' 


streptotricosis ) , (4) iheumatic fevei, (5) pyogenic infection, (6) 
pneumonoconiosis and (7) chronic paragonimiasis 

The diagnosis frequently depends on associated lesions of the lungs, 
bones, heart, aorta, pericardium or other mediastinal sti uctures ^^^^en 
such signs are not cleancut, the commonest features are those of coni- 
piession of the superior vena cava or of the innominate veins, without 
evidence of a tumor oi aneurysm of the aorta, and there is a compara- 
tively long duration of the symptoms and signs, ivith few constitutional 
symptoms When there are, in addition, signs of bronchial or tracheal 
stenosis, paralysis of the recurrent laryngeal nerves or pericarditis, the 
extent of the lesion may be postulated, and the etiologic factor may be 
suggested 

In nine of the sixty cases there was chronic fibrous mediastmitis 
Four were instances of mediastinopencarditis , m one case the condition 
was due to syphilis and was associated with aneurysm of the aorta, and 
in three cases it was due to rheumatic fevei , with associated mitral 
stenosis In three cases the condition was due to syphilis , in one case 
there was associated bronchial stenosis, wuth resultant thrombosis of 
the left innominate vein, in one case theie was associated thrombosis 
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of the superioi vena cava and in one case there were associated aneurysm 
of the aorta and thrombosis of the left innominate vein The cause of 
the mediastinitis m the other two cases remained obscure 

The following case illustiates the sequence of events in one of the 
cases of syphilitic mediastinitis, with bronchial stenosis and thrombosis 
of the innominate veins 

Case 2 — A man aged 43 j'ears complained of cough and swelling of the left 
arm He had been well until one year before admission to the hospital, when 
there had developed a cough with expectoration of white mucoid sputum He 
had dyspnea on exertion and at night, which was often relieved by expectoration 
Two weeks before admission to the hospital he had some pain in the chest, 
It vas substernal and radiated to the left axilla He had noticed some swelling 
of the left arm 

Examination showed dilatation of the right jugular vein and swelling of the 
upper part of the left side of the chest and neck The upper part of the left 
arm was swollen and edematous All the signs of occlusion of the left internal 
jugular and of the left innominate vein were evident There was no dilatation 
of the veins over the upper part of the chest Examination of the heart revealed 
no abnormality The retromanubrial dulness was not increased The lungs were 
clear except for signs of partial obstruction of the bronchus leading to the 
upper lobe of the left lung, where there were high-pitched squeaking rales, 
suppression of the breath sounds and impaired resonance on percussion 

Roentgenograms showed no tumor mass in the superior mediastinum, and the 
aorta was of normal size and in normal position There were increased shadows 
at the pulmonary roots, which were interpreted as being evidence of pulmonary 
fibrosis Bronchoscopic examination showed narrowing and scarring of the left 
main bronchus but no tumor The Wassermann reaction was positive During 
observation the patient had two small pulmonary infarcts, which were diagnosed 
by the presence of cough, bloody expectoration, pain m the chest and a pleural 
friction rub 

Under antisyphilitic treatment he improved remarkably The signs of vascular 
occlusion gradually diminished but did not subside At the end of one year 
of observation he had gained weight and was greatly improved 

Snmmaiy — A man with syphilis showed signs of bronchial obstruction and 
occlusion of the left innominate and jugular veins, with several attacks of pul- 
monary infarction Remarkable improvement followed antisyphilitic treatment 

While syphilis is an infrequent cause of diffuse mediastinitis, it may 
be associated with (1) an aneurysm of the aorta, (2) syphilitic tracheo- 
bionchial stenosis or (3) pericarditis, or (4) it may occur independent 
of these three lesions In the cases m which syphilitic mediastinitis 
occurs independent of the first three conditions, the signs of occlusion 
of the superior vena cava or of the innominate vein predominate, since 
the anterior and the superior mediastinum are involved predominantly 
Other structures that become constricted are nerves and large bronchi 
The case reported by Knox® is an excellent example of this t^pe of 


9 Knox, L C Chrome Mediastinitis, Am J kl Sc 169 807, 1925 
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mediastinal disease, and Martland has expi essed the opinion that 
s^'phihs IS one of the commonest causes of chionic mediastinitis 

In a leceiit leview of the hteratme on thiombosis of the supeiioi 
vena cava 1)y Ochsnei and Dixon,^^ it was lepoited that m no less than 
19 pel cent of the cases the condition lesulted from syphilis and in 9 1 
pel cent of these syphilitic mediastinitis was the cause In the othei 10 
pel cent the condition was said to have lesulted fiom phlebitis, and it 
IS not unhkel}'' that in many of these cases theie was associated medi- 
astmitis In one of the cases listed in the accompanying table there 
was thiombosis of the supeiioi vena cava, and in two othei s theie 
occuiied thiombosis of the innominate vein on the left side In case 2 
of the piesent senes theie was thrombosis of the innominate vein as ^^ell 
as an associated syphilitic lesion of the bronchus 

Examples of mediastinitis associated with syphilis of the trachea 
and bronchi Mere cited in Connei’s^- classic review of the subject 
Usually the signs of an mtiinsic lesion of the trachea or bronchi pie- 
dominate, and occasionally pals)' of the recuiient laiyngeal neive oi 
occlusion of blood vessels occurs 

Cases of mediastinitis associated with aneuiysm aie not frequent, 
but 111 most instances the mediastinitis is localized about the root of 
the aoita Sometimes, hoMever, it is moie difluse and pioduces thioni- 
bosis of veins, as in one of the cases mentioned, or it is associated ivith 
pencaiditis These cases aie discussed undei the headings mediastino- 
peiicaiditis 

MEDIASTINITIS ASSOCIATED WITH PERICMIDITIS — 
MEDIASTINOPERICARDITIS 

Undei the heading mediastinopeiicaiditis theie is often described a 
gioup of cases in M'hich theie are signs of adheient pericaidium as well 
as mediastinitis In the piesent gioup theie weie foui cases of chionic 
diffuse mediastinitis associated with chronic adhesive pencaiditis In 
one the mediastinitis u'as piesumably the result of s)phihs, since the 
condition v'as associated with an aneurysm of the aich of the aoita 
In the other three cases the mediastinopericaiditis \vas associated with 
initial stenosis and probably resulted fiom a rheumatic infection In all 
the clinical featuies were those of caidiac insufficiency with congestion 

10 Martland, H S Diseases of the Mediastinum Certain Anatomical Con- 
siderations, 111 Diseases of the Respirator} Tract, Eighth Annual Graduate Fort- 
night of the New York Academy of Medicine, Philadelphia, W B Saunders 

Company, 1936, p 365 i d 

11 Ochsner, A, and Dixon, J L Superioi Vena Caval Thrombosis Review 

of the Literature and Report of Cases of Traumatic and Infectious Origin, J 
Thoracic Surg 5 641, 1936 

12 Conner, L A Svphilis of Trachea and Bronchi, Am J M Sc 126 
57, 1903 
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In the case of S3'phihs the signs of anean*sm of the aorta were associated 
\\ath heart failure which had resulted from compression of the pulmo- 
nar}' arter}* and hypertroph}- and dilatation of the right ventricle The 
conspicuous feature of the heart failure vas recurrent ascites It is 
doubtful whether the adherent pericardium played any part in the circu- 
lator}' failure since the heart was of normal size the pericardial 
adhesions were not tluck and the cardiac muscle was not compressed 
Similar cases of heart failure in aortic aneur}-sm ha\e been recorded 
by Rohr and Rj'itel 

In the three cases of valvular disease due to rheumatic fe\er there 
V ere pericardial adhesions as well as adhesions throughout the mediasti- 
num In these cases the clinical features were those of disease of the 
mitral valve and heart failure, and there was no good reason for 
behenng that the pericardial adhesions vere responsible for the heart 
failure The venous congestion could have been caused by the heart 
failure and not by the compression of the veins by the mediastinal 
adhesions 

It IS now admitted that the clinical features vhich have been 
described as bemg due to mediastinopencarditis can be reproduced b} 
pericarditis alone ( concretio cordis ; in the absence of mediastimtis since 
removal of the thickened pericardium is followed by complete reco\ery 
in some cases It also seems clear that mediastinopericarditis ma}* be 
associated with valvular heart disease and in these cases it may be 
difficult to assess the relative importance of the vah-ular disease and the 
mediastmopericarditis m the production of the clinical picture In some 
cases at least, the valvular defects seem to dominate the picture and 
the mediastinopencarditis is of little consequence so far as the symptoms 
and signs are concerned 

There are cases, however m vhich both components of mediastino- 
pericarditis are important, and these are generally cases of tuberculosis 
of the pericardium and mediastmum For example, in the three cases 
of mediastmopericarditis described by KussmauF- there was tubercu- 
losis not only of the pencardium but of the mediastinum as veil In 
all the cases there were signs of circulator}- failure and of hemorrhagic 
pulmonar}' infarction 

It seems plain then that chronic fibrous mediastimtis may m 
Itself produce the signs of venous congestion m the tributaries of the 
superior vena cava but when tlie signs of congestive heart failure are 

13 Rohr, K and R^ ffel AV - Ueber Einengungen und 'S'erlegungen der 
Lugenschlagader durch Aortenanenn srnen Franhiurt Ztschr f Path 36.525, 
1928 

14 Kussmaul A Ueber schv lehge Mediastino-Pericarditis und den paradoxen 
Puls, Perl khn "Wchnschr 10 ^33, M5 and -61, 1873 
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supenmposed on this pictuie, the condition is due to involvement of 
the pei icardium, compression of the pulmonaiy arteiy or an associated 
valvulai disease All these combinations may be observed The involve- 
ment of both the pericardium and the mediastinum in cases of tubercu- 
losis may explain in part the poor lesults of surgical treatment of 
tuberculosis of the pericardium when theie is a clinical picture of con- 
crete cordis 

ABSCESS or THE POSTERIOR MEDIASTINUM 

Abscess m this legion was more common than in the anteiioi space, 
the commonest causes being perforation of the esophagus and suppura- 
tion of hmph nodes Other causes are extension of an infection fiom 
the retiophai ynx or from the spine A laie cause is extension of 
infection from the lung, pleura or abdominal cavity^® This abscess 
shows onl} a slight tendency to approach the surface, but it extends 
up and down the posteiioi mediastinum Foi this reason it may become 
large before pioducing symptoms of piessure It may rupture into the 
bionchi, tiachea, esophagus or pleuial cavity Rarely it may point m 
one of the posterioi tiiangles of the neck, oi it may extend letroperito- 
neally and point m the gioiii The symptoms of an abscess of the 
posterioi mediastinum may be indecisn’’e, since a laige accumulation of 
fluid can occui without producing manj symptoms The common ones 
aie pain and dysphagia oi iiiitative S}mptonis, such as cough and 
dyspnea 

The pain is felt most often on swallowing and coughing, but it 
IS geneially between tlie shoulder blades and may ladiate anteriorly 
along the course of the intercostal neives When the tiachea is 
encroached on it may be painful foi the patient to ijerform any move- 
ments that involve the trachea, such as coughing or swallowing Swal- 
lowing IS also difficult, owing to compression of the esophagus, especiall} 
in the uppei part of the chest 

The physical signs may be few, and the only ones found will be 
dulness over the spinal processes posteiioily and increase of whispeied 
and spoken words The most reliable signs are bi ought out by roent- 
genogiaphic examination, which shows a lounded shadow with sharp 
borders and a convex outline on the lateial suiface, extending from 
the midportion of the chest The esophagus is displaced ventrally and 
laterally, and there is often obstruction to the flow of barium sulfate 
thiough it 

15 Keefer, C S Tuberculosis of the Pericardium A Studv of Twentv 
Cases, Ann Int Med 10 1085, 1937 

16 Auchinchloss, H , in discussion on Lambert and Berrv 
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MEDIASTINAL ABSCESS FOLLOWING PERFORATION OF THE 

ESOPHAGUS 

The commonest cause of posterior mediastinal abscess is perfoiation 
of the esophagus by a foieign body or a tumor Rarer causes aie 
compression iieci osis from an aneurysm of the aoi ta oi a tumor, i uptui e 
of the esophagus fiom vomiting^" or dilatation of a stiictuie and perfo- 
ration of a diveiticulum 

From the standpoint of tieatment, perforation of the esophagus 
IS important It is most often due to swallowing a bone of a fish oi 
fowl or some other sharp-pointed body, such as a tack, nail oi pm 

The following two cases illustrate the course of events when 
a favorable outcome follows a mediastinal abscess i esulting from pei fora- 
tion of the esophagus by a foreign bod} 

Case 3 — A young voman was admitted to the hospital complaining of swal- 
lowing a fish-bone, which was followed by pain in the upper part of the sternum 
and the left side of the back and by dysphagia Examination showed nothing 
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Fig 2 (case 3) — Chart showing the temperature curve in a case of medias- 
tinitis following perforation of the esophagus by a foreign body 

abnormal except that by fluoroscopic examination there was obstruction of the 
flow of barium in the upper part of the superior mediastinum 

The course of the illness was as follows The temperature fluctuated, as 
shown in figure 2 During the first week the patient was extremely uncomfortable , 
the pain m the chest was severe, the temperature increased and the dysphagia 
and pain on swallowing increased Roentgenographic examination showed an 
increased area of density in the superior mediastinum On the seventh day of 
her illness she had an attack of retching which was followed by the vomiting of 
6 ounces (17S cc ) of bright red blood and pus After this she continued to 
regurgitate some blood and pus On the twelfth day of illness she had another 
attack of vomiting, raising several ounces of blood, mucus and pus The tempera- 
ture remained elevated for three more weeks, but during this time she improved 
progressively She continued to expectorate moderate amounts of pus for four 
weeks This stopped during the fifth w^eek, and during the sixth week the 
temperature became normal , she felt well, a roentgenogram of the chest was 
normal and she returned home completely recovered 

17 Weiss, S , and Alallorj", G K Lesions of the Cardiac Orifice of the 
Stomach Produced by Vomiting, J A AI A 98 1353 (April 16) 1932 Mallory, 
G K , and Weiss, S Hemorrhages from Lacerations of the Cardiac Orifice 
of the Stomach Due to Vomiting, Am J Af Sc 178 506, 1929 
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Snmvwjy—A woman had a mediastinal abscess which developed after the 
swallowing of a fish-bone Recovery followed the rupture of the abscess into the 
esophagus The total duration of the illness was six weeks 

Case 4— A woman aged 44 years stated when admitted to the hospital that 
she had swallowed a fish-bone two weeks previously While eating fish she felt 
that a bone became lodged in her throat, since she immediately had a choking 
sensation and a feeling of discomfort Examination soon after this happened 
failed to reveal a foreign bodv, either by laryngoscopic or bronchoscopic study 
The siniptoms of a choking sensation, difficulty in breathing and coughing con- 
tinued and were associated with dysphagia 

Exammatlou —When she was seen two weeks after the onset of her illness, 
she had fever, djsphagia, cough, with the expectoration of frothy sputum, and 
pain across the upper part of the right side of the chest anteriorly Examination 
showed fever, tachjcardia, leukocytosis (18,000 leukocytes) and signs of bron- 



Fig 3 (case 4) — Roentgenograms made in a case of mediastinitis caused b> a 
pulmonary abscess due to a foreign body The first roentgenogram was taken the 
first week of observation and shows the shadow in the upper mediastinum and 
the upper lobe of the right lung The second one was taken after recovery 

chopneumonia of the right lung The left lung was clear There was increased 
retromanubrial dulness, especially to the right Fluoroscopic examination showed 
a large dense shadow in the superior mediastinum at the level of the first and 
second ribs which did not pulsate but moved slightly on coughing, not on swallow- 
ing It was situated about midway between the anterior and the posterior wall 
of the chest There was no displacement of the esophagus, but the trachea 
seemed to be displaced sliglitly to the right The temperature chart is shown 
in figure 3 

Com sc —The patient’s illness w'as of several months’ duration, and during 
the first eight weeks of observation the course was as follows 

First Week The patient had fever, tachycardia, cough and respiratory 
difficulty There were many rales over the upper and lower lobes of the right 
lung A roentgenogram showed a mass in the superior mediastinum and increased 
density of the upper lobe of the right lung as well as a triangular mediastinal 
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shadow extending to the right of the cardiac shadow Moist rales were heard 
over the right lung postenorlj 

Second Week The temperature remained elevated The signs at the base 
of the right lung were diminishing, and a roentgenogram showed a diminution of 
the size of the shadow at the cardiophrenic angle The shadow in the uppei 
lobe of the right lung was also diminishing in size 

Third Week The physical signs remained essentially the same as before, 
but a roentgenogram showed considerably more infiltration of the upper lobe 
and also of the lower lobe of the right lung The cough increased m frequencj 
and severity, the breath became foul and the sputum was more abundant and 
blood-streaked (fig 3) 

Fourth Week During this week the temperature w'as lower, and the rales 
over the lower lobe of the right lung diminished, but the coarse rhonchi and 
dulness over the upper lobe of the right lung persisted A roentgenogram showed 
a great decrease in the density of the upper lobe of the right lung The right 
cardiophrenic angle showed some haziness, and the right dome of the diaphiagm 
w^as higher than the left dome 
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Fig 4 (case 4) — Chart showing the temperature curve The white blood cell 
counts are recorded m thousands per cubic millimeter 

Fifth and Sixth Weeks Improvement continued, the signs m the lungs 
becoming fewer Fluoroscopic examination at the beginning of the sixth week 
show'ed the trachea and esophagus pushed slightly to the left at the level of 
the first rib and some mottling of the apex of the right lung, with an increase 
in the linear markings extending from the pulmonary root tow'ard the apex 
The patient continued to complain of a foul breath, a bad taste and some pain in 
the right side of the chest, especially while lying on that side 

Seventh and Eighth Weeks The patient continued to improve but had pain 
and distress over the upper part of the chest A roentgenogram showed the 
esophagus m normal position and no signs of fistula or obstruction There con- 
tinued to be a shadow in the superior mediastinum which w'as abnormally large 
At the end of this period she was allowed to return to her home She remained 
there four w'eeks and then returned to the hospital 

Twelfth Week For two weeks after leaving the hospital she felt greath 
improved except for a continuation of the pain m the upper part of the right 
side of the chest anteriorly Two weeks later the pain became more severe and 
spread across the upper part of the chest It was a burning pain, often intermittent 
and not associated with cough or increased by respiratory effort It was exag- 
gerated when she was m a recumbent position The examination revealed onl}' 
diminished resonance over the upper lobe of the right lung She was discharged 
again, after five days in the hospital 
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First Year One jear after she swallowed the fish-bone she reported that 

L^oke° f coughing, which had been precipitated by the inhalation 

of smoke, she coughed up a large fish-bone After this she remained well 

Snmma,y~A. woman swallowed a fish-bone, which caused a mediastinal 
abscess that perforated into the lung and drained This healed entirely, and one 
year later, after a violent fit of coughing, the foreign body was dislodged Com- 
plete recovery resulted 


This case illustiates what may happen after the perforation of the 
esophagus b)^ a foieign body There was evidence that the abscess had 
perforated the lung, producing pulmonary abscess, bronchopneumonia 
and physical signs Roentgenogi aphic examination indicated that the 
process was extensive also in the posterior mediastinum It was striking 
that the signs of acute infection subsided aftei the healing of the pul- 
monary abscess and seveiai months before the foreign body was lecov- 
ered This was an example of drainage of a mediastinal abscess after 
Its rupture into the lung 

In addition to perforation of the esophagus by a foreign body, the 
most common cause is a neoplasm of the esophagus I reviewed a 
group of these cases several years ago, including seveial m which 
mediastimtis was a feature 

A rarer form of suppurative mediastimtis arises from necrosis of 
the esophagus resulting from external piessuie, especially that due to 
an aneurysm, a mediastinal tumoi (usually a lymphosarcoma) or meta- 
static lymph nodes from the lung or esophagus The following case 
illustrates the couise in a case of mediastinal abscess due to erosion of 
the esophagus by an aneuiysm 

Cash 5 — A Negro aged 34 j'cars complained of pain in the chest of one 
3 ^ear’s duration Two weeks before admission to the liospital he had a severe 
constant boring pain in the chest, localized in the tipper end of the sternum 
a few centimeters to the right of the midlme This was not exaggerated by 
respiratory effort, but it radiated into the middle of the back It was constant day 
and night and prevented sleep There was some cough, with expectoration of 
moderate amounts of sputum He had syphilis fifteen years previously which 
had been treated inadequately 

The patient appeared uncomfortable The temperature, pulse rate and respira- 
tory rate were normal The blood pressure was 150 systolic and 100 diastolic 
There were a few rales at the base of the left lung posteriorly and a moderate 
increase in the retromanubrial dulncss The heart was of normal size, and the 
sounds were clear The abdomen and extremities were normal There was no 
anemia or leukocytosis, the Kahn and Hinton reactions were positive Roent- 
genographic examination of the chest showed an enlarged aorta, an increase in 
the width of the mediastinal shadow and a fine mottling of the upper fields of 
both lungs, suggesting miliary tuberculosis (fig 5) 

18 Keefer, C S Pleural and Pulmonary Complications of Carcinoma of 
the Esophagus, Ann Int Med 8 72, 1934 
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The temperature varied from 98 6 to 100 F for three daj's and then remained 
normal until death occurred The pulse and respirator}^ rates gradually increased 
from 80 to 140 per minute and from 20 to 40 per minute, respectively On the dav 
after entrance to the hospital he became nauseated, and from that time on he 
regurgitated and vomited ever 3 'thmg taken mouth The day before death 
(eight days later) he vomited small amounts of blood and had great respiratorj'^ 
distress, with both inspiratory and expiratory wheezing The right lung showed 
many moist rales, but the left lung was clear The respiratory difficult}’’ increased, 
and he died on the ninth day 

Necropsy showed syphilitic aortitis with an aneurysmic formation m the 
descending arch which had ruptured into the mediastinum and the right pleural 
cavity The blood clot m the mediastinum had eroded the esophagus and had 



Fig 5 (case 5) — Hematoma of the mediastinum following rupture of an 
aortic aneurysm 

caused perforation and a mediastinal abscess The right bronchus was also com- 
pressed There was, in addition, miliary tuberculosis of the lungs, Iner, spleen 
and kidney, with caseous tuberculosis of both adrenal glands 

It IS cleat that this young man had an aneurysm of the aoita which 
bled into the mediastinum and the right pleural cavit} The blood clot 
had caused neciosis of the esophagus with peif oration and an abscess 
of the mediastinum There was chronic miliary tuberculosis without 
constitutional signs of infection This case illustrates, then, how a 
mediastinal abscess can arise from a perforation of the esophagus from 
external pressure due to a hematoma Similar cases of hematoma of 
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the mediastinum m aneurysm of the aoita have been 
Lenk and myself 


recoided by 


MEDIASTINAL ABSCESS FOLLOWING SUPPURATION OF LYMPH NODES 

Tins condition is most important, since the prognosis seems to be 
better than in cases m which abscess m this area arises in some othei 
wa} The abscess may be due to hemolytic streptococci or pneumococcic 
infections and most often follows as infection of the throat, lungs or 
bronchi An abscess aiising from the tin oat is most often retro- 
esophageal or peiitracheal The following two cases illustrate (1) the 
lesult of an infection arising in the throat and (2) an infection follow- 
ing an attack of giip 

C\sn 6 — A man 46 jears of age was admitted to the hospital on account 
of fc\er and sore throat Fne weeks previouslj he had an attack of coryza and 
tonsillitis which were not severe enough to confine him to bed He continued 
with his daih w'ork foi two weeks, when he w'as forced to remain at home 
on account of chills, fever and difficult and painful swallowing This w’as accom- 
panied w'lth attacks of coughing wdiich w^as productive of mucopurulent sputum 
During the third week of his illness the chills and fever continued, and the 
pain and difficulty in swallowing increased In addition, he had some pain and 
discomfort about the base of the neck which radiated into the occiput during 
swallowing The temperature gradualh decreased, and he felt someivhat impro\ed 
so far as the sore throat was concerned, but the dvsphagia continued 

Physical Eiammation — Phjsical examination showed that the patient w'as 
acutely ill and pale He had few complaints, but it was difficult for him to 
swallow liquids or solid foods The temperature was 101 5 F The throat was 
red, and the pharynx seemed edematous and swollen Palpation of the phannx 
failed to reveal anj localized mass, although the mucous membrane was swollen 
The bnipli nodes of the neck were not enlarged, and the thjroid gland was not 
palpable The trachea was in the midline and could be mov'ed laterally without 
discomfort, it mov’cd up and down on swallowing, but this caused some dis- 
comfort There was no sw^elling of the neck or area of tenderness on deep pressure 
The movements of the cervical portion of the spine did not seem limited in extent 
Examination of the chest failed to show any abnonnal areas of prominence, 
and the superficial veins of the thoracic wall and the jugular veins were not 
sw'ollen There w'as no retromanubrial dulness or displacement of the heart or 
mediastinum laterally The lungs were clear throughout The heart was in normal 
position, and the sounds were clear Dulness extended from the first to the fourth 
dorsal v'crtebra, and ov^er this area the whispered v'oice and the breath sounds 
were distinct and bronchial Aside from these abnormalities there was nothing 
distinctly abnormal to be made out on physical examination of the chest 

The abdomen was soft, and no organs vveie palpable The extremities, genitalia 
and reflexes were normal 

Laboiaioty Exaimmhmi —The red blood cells numbered 3,860,000 per cubic 
millimeter, with 74 per cent (Sahli) hemoglobin The white blood cells numbered 
25,000 per cubic millimeter, with 85 per cent polymorphonuclear cells 
The urine was normal 

19 Lenk, R Die Rontgendiagnostik der mtrathorakalen Tumoren uijd ihre 
Differentialdiagnose, Vienna, Julius Springer, 1929, p 357 
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Roeiitgenographic examination showed the heart in normal position, the pul- 
monary fields were clear In the superior mediastinum there was a bilateral 
rounded shadow with concave borders, slightly more prominent on the right 
side than the left It was distmctlj" supra-aortic, and it had not displaced the 
trachea laterally or the aortic arch downward (fig 6) 



Fig 6 (case 6) — Mediastinitis The first roentgenogram indicates the con- 
dition on the third day of observation, four days before operation The abscess is 
seen in the supracardiac area The aorta is not displaced downward The shadow 
IS 111 the posterior mediastinum and projects more to the right than to the left 
The second roentgenogram was taken six iveeks after the operation The medias- 
tinum IS clear The defect in the ribs following operation is visible 


6 



t 

OPERATION 

Fig 7 (case 6) — Chart showing the temperature curve The white blood 
cell counts are recorded in thousands per cubic millimeter 


Fluoroscopic examination showed that this shadow was retroesophageal and 
in the posterior mediastinum The esophagus was displaced ventrally and slightly 
to the^left As the barium entered the esophagus it paused momentarily at this 
area bi.fore passing downward ^ ^ ^ — 




ARCHIVES OF INTERNAL MEDICINE 


Cow sc of the 1 Uncss ~~A chart of the temperature is shown in figure 7 On 
W if' I’ospitalization tlie patient was operated on by Dr Irving J 
\ alkcr The posterior mediastinum was opened, a portion of the second, third 
and fourth ribs was resected close to their articulation with the spine, an abscess 
containing 300 cc of thin purulent material was opened and a dram was inserted 
ine pleura was not entered 


After tie operation there was an increase m the temperature for several 
da^s, but It gradually subsided and returned to normal within twenty-one days 
The pus from the abscess showed a pure culture of streptococci, and the drainage 
was profuse for several weeks Because of anemia he was given two blood 
transfusions, and he improved considerabl) After several months the cavit} 
gradually dinimished so that little drainage was evident He gained weight and 
felt greatly improved When he was seen two months after the operation, he 
appeared v.ell and had returned to work There was onl^ a small draining sinus 
in the back 


In the present case it seems likely that the infection of the posterior 
incdiastinunr resulted from an extension of the infective piocess in the 
phaiyiix to the i etrovisceral space The other possibility, of course, is 
that the abscess arose from suppurating lymph nodes in the posterior 
mediastinum This type of infection has been studied extensively by 
Lerclie,^ who has emphasized the impoitance of infections of the medi- 
astinal Ivmph nodes m the causation of mediastimtis They are analo- 
gous to infections of the retrophai } ngeal lymph nodes with abscess 
foimation in children, the mam difterence being in the location of the 
infection 


MEDIASTIXAL ABSCESS FOLLOWING INFECTION OF THE 
RESPIRATORV TRACT 

Case 7 — A man aged 25 years complained of pain m the chest and difficult\ 
111 swallowing He had been well until two w-eeks before admission to the 
hospital, when he had an illness that w'as characterized bv malaise, generalized 
aches and pains, and fever These sjmptoms soon disappeared, and he felt unproved 
for several dajs Then substcrnal pam on swallowing developed This pain 
grew w'orse, and fever was present Graduallj ihe pain became more diffuse 
and could be felt in the region of the ensiform process of the sternum He then 
began to have severe pain in the front of the chest that radiated to the back 
between the shoulder blades Tlic severe pain lasted five days, and during this 
lime he had a feeling of heaviness and difficult\ in swallowing He could not 
cat solid food, and he stated that he felt as though there were a mass in the 
upper part of the chest 

Physical Examwafton— When he was seen, ten dajs after the onset of his 
illness, he complained of fever, pain m the chest and dysphagia Ihe temperature 
was 102 F, and he appeared acuteb' ill Physical examination showed increased 
redness of the pharynx and increased dulness to percussion o\er the spine 
posteriorly, otherwise it revealed essentially no abnormality 

Laboratoiy Exammalwu —The white blood cell count was 25,000 per cubic 
millimeter A roentgenogram of the chest showed an increase m the width of 
the shadow in the superior mediastinum, but the lungs were clear 
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Cow sc of fJic Illness — The temperature is charted m figure 8 For the first 
three days of hospitalization the patient felt somewhat improved, in that the sub- 
sternal pain was less severe, but the difficulty in swallowing persisted On the third 
day there was dulness over the upper lobe of the right lung posteriorly, and 
numerous rales were heard On the sixth day he had an attack of coughing and 
raised half a cupful of blood-streaked material which showed pure culture of hemo- 
lytic streptococci The difficulty in swallowing w'as slightly relieved, but regurgita- 
tion of food and fluid occurred occasionally A roentgenogram of the chest show'ed 
density in the upper lobe of the right lung, and numerous rales were heard over 
this area Eight days after the attack of coughing the temperature returned to 
normal, the signs in the chest gradually subsided, the d>sphagia became less, the 
wffiite blood cell count became normal and he left the hospital, after being there 
twenty-eight days He felt w'ell except for slight difficulty in swallowing solid 
foods This subsided w'lthm two weeks, and he has remained w'ell 

The important features of this case were the attack of grip two weeks 
before the patient’s admission to the hospital and the onset of acute 
symptoms suggesting a mediastinal abscess, such as substernal pain, 
painful and difficult swallowing and an increase in the supracardiac 



Fig 8 (case 7) — Chart showing the temperature curve for a patient with 
postinfluenzal mediastinitis The febrile reaction was of two weeks’ duration 

roentgenographic shadow He finally recovered after the expectoration 
of the contents of an abscess which had evidently perforated the lung 
or a bronchus Hemolytic streptococci were recovered from the expec- 
toiated material 

Similar abscesses of the mediastinum following suppuration of 1} mph 
nodes have been reported by Lerche,^ Richards,^® Malnekoff,-^ Far- 
num,-- Lambert and Berry,- Fischer,-^ Neuhof,-^ and others These 
cases are so important as to require special comment In a few cases 
the symptoms and signs of mediastinal abscess followed an infection 
of the respiratory tract rvhich had not been severe or disabling Lerche ^ 

20 Richards, L G Peritracheal Abscess, Tr Am Bronch Soc 12 71, 

1929 

21 Malnekoff, B S Acute Mediastinal Abscess, Am J Dis Child 39 591 

(March) 1930 

22 Farnum, W B Acute Suppuration of the Alediastinum, New York 
State J kled 35 724, 1935 

23 Fischer, R C Abscess of Mediastinum, J Thoracic Surg 6 212, 1936 

24 Neuhof, H Acute Infection of Mediastinum, T Thoracic Surg 6 184 
1936 
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lecorded cases m which the abscess appeared, or at least was discovered, 
tliiee yeais aftei an attack of influenza or pneumonia In several cases 
lecovety followed the expectoiation of material contained in the abscess 
In one instance the abscess peifoiated the lung and the esophagus The 
histoiy m these cases is of mfluen/a with pneumonia or of influenza 
followed by cough and fiequent colds and after an indeterminate period 
by pain, dysphagia, cough and dyspnea Roentgenograms show a 
shadow in the posteiior mediastinum, and theie aie symptoms and signs 
of infection Unless the abscess is diamed oi aspiiated, it often ruptures 
into the lung, bi onchus oi esophagus, and in this way recovery may take 
place, or death may follow from widespiead infection Occasionally 
empyema aiises and obscures the diagnosis, and atelectasis fiom bron- 
chial pressure has been observed 

It IS iv'eli to recall, then, that fevei and thoracic S3anptoms following 
influenza, attacks of pneumonia oi sore thi oat may be due to an abscess 
in the posteiioi mediastinum 

CHRONIC ABSenSS OF THE POSTERIOR MEDIASTINUM 

A chronic abscess of the posteiior mediastinum is almost ahvays 
due to tubeiculosis aiismg fiom the veitebrae or from caseous l3miph 
nodes Othei causes for such an abscess aie actmom3'cosis and pyo- 
genic infections of the vertebrae or l3nnph nodes This abscess occuis 
most often m the low^ei ceivical and upper dorsal regions and commonly 
foims a ciicuinscribed mass that is confused with a solid tumor It 
gravitates dow'iiw'aid from the point of oiigin and may appear m the 
abdominal w^all or in the regions where a psoas abscess perforates 
Raiely such an abscess peiforates a bi onchus Infrequently theie is 
diffuse mediastinitis instead of an abscess and I have observed tuber- 
culous pleuiitis after extension of an infection from the spine to the 
pleura 

The symptoms are due to the primary lesion and to the presence 
of the space-occupying piocess in the mediastinum Fevei, pain m 
the back, dysphagia, cough and giadual wasting are common complaints 
The physical signs depend on the size of the abscess and its origin 
Theie is tenderness over the spine in many cases when the vertebiae aie 
the souice of the abscess, but m some cases the focus of necrosis m 
the spine is so small that this sign will be missing There ma3 be 
dulness ovei the uppei pait of the spine and increase of the whispeied 
voice, indicating a lesion in the posteiioi mediastinum 

The most important signs are those revealed i oentgenographically 
This examination should include an anteroposterior and a lateial view 
of the mediastinum and spine The shadow cast by the abscess may 
be in the superior mediastinum or supei imposed on the cardiac shadow 
There may oi may not be demonstrable erosion of the vertebiae 
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The shadow is homogeneous, with a sharp convex border It is 
almost invariably symmetric and bilateral It is situated in front 
of the spine and behind the esophagus, and its axis is parallel with 
the long axis of the body It is seen best in the middle or lower part 
of the posterior mediastinum, it is superimposed on the cardiac shadow 
and It pushes the esophagus forwaid 

In general, then, a diagnosis of tuberculous abscess may be made 
in the presence of low giade fever, pain due to pressuie on a nerve 
and destruction of bone, symptoms of compression of organs, such as 
the esophagus or bronchi, and i oentgenographic changes 

The following two cases illustrate the couise of events in tubei- 
culosis of the posterior mediastinum 

Case 8 — A 20 j^ear old girl was first seen in January 1931, complaining of 
excessive fatigue, dyspnea and slight edema of the ankles of several years’ dura- 
tion She stated that she had rheumatic fever a number of years previously and 
that two months before her admission to the hospital a mass of tender red nodules 
developed over the legs and lasted five weeks These finally disappeared, and 
the only abnormality that was found on plwsical examination at the time of entrv 
was slight enlargement of the heart, with a systolic murmur There was no 
fever The white blood cell count was 6,800 and the hemoglobin value 95 per cent 
A roentgenogram of the chest showed a dense area on the right side of the 
superior mediastinum which did not pulsate when examined by fluoroscopy An 
electrocardiogram was normal The diagnosis at that time was rheumatic heart 
disease with mitral regurgitation and a mediastinal tumor of unknown etiology 
She was discharged from the hospital and followed for several weeks before 
being readmitted for further examination For three weeks after her first 
discharge from the hospital she felt reasonably well, then she began to have 
fever, chilly sensations, and pain and swelling of the wrists, hands and joints, 
which seemed to occur after a sore throat When she reentered the hospital 
she had a fever and leukocjdosis (15,600 leukocjdes) A roentgenogram of the 
chest showed evidence of a mass to the right of the sternum in the superior 
mediastinum The heart was moderately enlarged Electrocardiographic exam- 
ination showed preponderance of the left ventricle On more careful questioning 
it was found that after a sore throat her hands and wrists began to swell and 
were painful and tender to touch The entire left arm was likewise painful 
There was some stiffness of the left shoulder After about three days of pain 
and discomfort the articular sj'mptoms subsided Four days before entry she 
had a cough and some soreness in the right side of the chest There \\as no 
sputum She felt prostrated and chilly and had interrupted sleep She would 
awake during the night and drink large quantities of water 

It was thought that the patient had subacute rheumatic fever which followed 
erythema nodosum and that the cardiac lesion was due to mitral regurgitation 
The question of subacute bacterial endocarditis was raised Culture of the blood 
made on the day of her admission to the hospital was sterile 

Course of the Illness — For eleven months, while she was observed, there was 
an irregular fever, the temperature varying daily from 99 to 101 or 102 F and 
sometimes to 104 F There was a corresponding elevation of the pulse rate, it 
varied between 100 and 120 beats per minute The respirator}’’ rate was normal 
Repeated roentgenograms of the chest shovv^ed a mass in the superior mediastinum 
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It did not pulsate and was considered lor some time to be due to Hodgkin’s 
disease For that reason she was subjected on several occasions to high voltage 
roentgen therapy over the chest As the disease progressed, this shadow seemed 
to dimmish somewhat m size, but later it seemed to increase in the lower half 
of the chest near the mediastinum On one occasion the patient complained of 
pain on the right side of the manubrium, there was excruiatmg tenderness over 
this area There was no swelling or pulsation Nine of the ten blood cultures 
taken at different intervals during the course of the disease were sterile , one 
showed a few green streptococci This finding was ne\er confirmed 

One month after the patient was admitted to the hospital she began to com- 
plain of small tender lumps on the back of the chest These nodules appeared 
over the tibia, hands and the back They were w'ell circumscribed, painful and 
tender to touch A diagnosis of erj thema nodosum w'as made These nodules 
kept recurring from time to time for fi\e months Some of them broke down and 
W'cre seen to contain a thick purulent material which was sterile on culture 

Four months before death, signs dex'cJoped which were interpreted as due to 
pneumonia of the base of the right lung There was no cough or expectoration 
at the time, and after a week or ten days these signs gradually diminished There 
was no essential change in the condition until three weeks before death, w'hen 
she began to notice an increase in the sw'ellmg and tenderness of the knee joints 
This continued, and the left ankle became swollen She failed gradually and 
died eleven months after admission to the hospital 

Laboiatory Evammatwu — Electrocardiographic examination showed sino- 
auricular tachjcardia, a PR intcr\al of 012 second, a QRS complex of 0 06 
second, an upright T w'ave in leads I and II, an inverted T w'ave in lead III, 
preponderance of the left ventricle, but no other changes or abnormalities The 
w’hite blood cell count varied from 6,000 to 16,200, the average count being 
betw'een 5,000 and 8,000 per cubic millimeter The pob morphonuclear count varied 
betw'cen 80 and 90 per cent and the Ijniphocvte count between 8 and 16 per cent, 
the monocyte count was 2 per cent No abnormal cells were found The red 
blood cell count, which was normal on entering, gradually declined to 3,960,000, 
when the hemoglobin value was 58 per cent Anemia, however, was not an out- 
standing feature of her illness Agglutination tests for undulant fever gave 
negative results 

Ncciopsy — Necropsy revealed a mediastinal abscess which had extended into 
the right pleural cavity and had mv'adcd the eleventh rib, causing interlobar 
pleurisy In addition, there was synovitis of both knee joints and the left ankle 
joint Microscopic examination showed all these lesions to be due to tuberculosis 

Case 9 — A 20 year old woman was seen for the first time in Januarv 1932, 
when she complained of pain in the chest, a tired feeling and loss of weight and 
of appetite of six months’ duration She had previously always been well and 
healthy At the age of 17 she married and had two healthy children The second 
child was born fourteen months before the patient was seen There was nothing 
abnormal about the pregnancy or deliverv She felt well until six months before 
entry, when she began to notice excessive fatigability and progressive loss of 
weight and appetite She consulted her physician, who studied her by means of 
fluoroscopy and roentgenograms, but nothing definite was found to account for 
her symptoms 

Four months after the onset of her illness a productive cough developed The 
sputum was yellowish and was said to amount to about half a pint daily On one 
occasion she raised a small amount of blood-streaked sputum, but after several 
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weeks the cough and sputum subsided completel} For five ^\eeks before admis- 
sion to the hospital she remained in bed During this time she felt hot and had 
night sweats and insomnia Her temperature in the afternoon fluctuated between 
99 and 101 4 F She complained of some pain m the thorax and arms, especialh 
the shoulders and elbow joints Her neck had been stiff for about a month 

Physical EvaimnaUon — The patient had obviouslj lost a considerable amount 
of w'eight Her complexion was fair and her skin pale There was no cyanosis 
A careful examination failed to reveal anj thing abnormal except slight stiffness 
of the neck in flexion and extension and moderate enlargement of the thrjoid 
gland There w'ere no physical signs of abnormality of the lungs or heart The 
temperature w-as 1006F, the pulse rate 100 and the respiratory rate 20 per 
minute 

Laboiafoiy Evaminaiion — The urine w'as normal A blood count show'ed 
red blood cells, 4,380,000 per cubic millimeter, hemoglobin, 67 per cent, and wdiite 
blood cells, 10,000 per cubic millimeter, wnth 56 per cent poh morphonuclears, 37 



Fig 9 (case 8) — Posterior mediastinitis due to tuberculosis The first roent- 
genogram show's a shadow m the upper mediastinum during the third w'eek of 
observation, the second indicates the mediastinal and pulmonarj lesions during the 
fortv -fourth week of illness 

per cent Ijmphocvtes, 3 per cent monocjtes, 15 per cent eosinophils and 15 per 
cent basophils The stained smear appeared normal The sedimentation rate 
was increased over normal Culture of the blood was sterile, and the stool was 
normal The basal metabolic rate was plus 3 per cent The reaction to the tuber- 
culin test (1 100) was positive The nonprotein nitrogen content of the blood 
was 19 mg per hundred cubic centimeter Numerous roentgenograms of the 
chest, mediastinum and cervical portion of the spine were made The lungs were 
within normal limits The cervncal portion of the spine showed a thickening of 
the musculature anterior to the spine, with displacement of the trachea forward 
A thick barium meal showed that the esophagus was displaced forward and 
slightlj to the left by a symmetric mass which cast a triangular shadow in the 
low'er cervical and upper thoracic portions of the spine The cervncal portion 
of the spine appeared normal 
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Com sc of the Illness — The patient was under observation for three months 
For the first five weeks of observation her temperature ranged daily from 99 to 
100 5 or 101 F When she left the hospital her temperature ranged between 
normal and 99 6 F in the afternoon Her weight increased from 89 to 112 pounds 
(51 Kg) during the three months 


Numerous examinations of the blood failed to show any alteration m the 
white blood cells The total count varied between 7,500 and 10,000 per cubic 
millimeter The hemoglobin value increased while the patient was under obser- 
vation from 67 to 85 per cent, and the red blood cell count increased from 4,380,000 
to 5,380,000 per cubic millimeter It was not possible to obtain any sputum for 
examination, and tuberculosis was never proved as far as infection of the lung was 
concerned She left the hospital, returned to her home and was not seen for 
three years 
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Fig 10 (case 8) — Chart showing the temperature curve 

After her discharge from the hospital, in 1932, she remained well, gamed 
weight and had no complaints until the autumn of 1934, when she began to notice 
malaise, fatigability and fever, with anorexia and progressive loss of weight 
After these symptoms continued for several months a new symptom appeared— 
dysphagia, with a choking sensation in the throat which provoked an unproductive 
cough These symptoms continued unabated until she returned to the hospital in 
February 1935, when she complained of recurrent headaches and severe pain in 
the neck and spine of several months’ duration 

The examination in 1935 showed that the patient was uncomfortable The 
face was flushed, and she had obviously lost a considerable amount of weight 
The temperature was elevated above normal , the pulse and respiratory rates were 
increased Examination revealed tenderness over the seventh cervical and the 
first dorsal vertebra The lungs were clear, and the heart, abdomen and extremi- 
ties were normal The blood showed evidence of hypochromic anemia The sedi- 
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mentation rate was increased, the reaction to the tuberculin test was positive and 
agglutination tests for Bacillus tjphosus, Bacillus paratyphosus and Bacillus 
melitensis gave a negative reaction Roentgenograms of the chest are shown in 
figure 12 The conspicuous feature was the bilateral shadow m the posterior 
and in the superior mediastinum, with a sharp, well defined border, broader m 
its cephalic portion Anterior and lateral views of the cervical portion of the 
spine were normal An incidental finding was bilateral cer\ical rib The mass 
was retrotracheal and had displaced the trachea anteriorly, the esophagus was 
displaced anteriorly and to the left of the midline 

The record of the temperature is shown in figure 11 It is noticeable that 
there was irregular fever for eighteen weeks During this time the patient lost 
weight and strength The physical findings so far as the chest was concerned 
did not change Gradually the temperature became lower She entered a sana- 
torium for tuberculous patients for further treatment and remained for six 
months During this time she improved continually, gaming weight and strength. 



Fig 11 (case 9) — Chart showing the temperature curves for a patient with 
mediastmitis due to tuberculosis during two periods of hospitalization 

her temperature remained normal and she returned home after rest and general 
upbuilding 

After leaving the sanatorium she remained well and when seen in 1937 had no 
complaints Roentgenograms failed to show any change in the spine, and the 
shadow in the mediastinum which had been present in 1932 and 1935 had dis- 
appeared completely 

Summaiy — A young woman, who was followed for over five >ears, had two 
prolonged bouts of fever without leukocvtosis but with signs of an abscess in the 
mediastinum which was probably tuberculous in origin This was present in 
spite of the fact that no signs of Pott’s disease could ever be elicited Recovery 
followed conservative treatment 

While the precise etiologic diagnosis was not made in this case, 
the repeated attacks of fever, the chronicity and the location of the 
infective process and the strongly positive reaction to the tuberculin 
test were all m favoi of tuberculosis This case serves to illustrate that 
a tubeiculous abscess may be located in the posterior mediastinum with- 
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out a roenlgenographically demonstrable lesion m the spine Failure 
to demonstrate such a lesion loentgenographically does not exclude this 
focus Heuer has recorded a case m which an abscess of the posterior 



Fig 12 (case 9) — Tlie roentgenograms taken in 1932 and 1935 show an abscess 
in the posterior mediastinum By 1937 it liad disappeared 


mediastinum followed caries of the spine, it was not possible to demon- 
strate the area of necrosis in the vertebiae roentgenographically, but 
It was piesent at the time of operation It is also impressive that such 
an abscess can resolve spontaneously with conseivative treatment 
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MEDIASTINITIS FOLLOWING PNEUMONIA 

During the pandemic of influenza in 1918 numerous cases of medi- 
astmitis due to hemolytic streptococci == were reported, and it was 
repeatedly pointed out that the mediastinal lymph nodes in fatal cases 
were swollen and suppurating This diffuse infection of the mediasti- 
num was always a serious complication, as the following case illustrates 

Case 10 — A young man was admitted to the hospital with lobar pneumonia 
due to type I pneumococci with bacteremia In spite of the administration of 
large amounts of antipneumococcus horse serum, his temperature did not return 
to normal It was then found that he had a mixed infection, since the sputum 
contained large numbers of hemolytic streptococci as well as pneumococci On 
the eleventh day of his illness there were signs of mediastinopericarditis, with 
a loud friction rub which was synchronous with the heart beat and which was 
exaggerated by respiration On the thirteenth day hoarseness developed, and he 
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Fig 13 (case 10) — Chart showing the temperature curve in a case of medias- 
tinitis following pneumonia The first three cultures of the blood showed t 3 '^pe 1 
pneumococci , the last two, hemolytic streptococci The white blood cell count 
is recorded in thousands per cubic millimeter 

was unable to speak above a whisper, the following day he had pain under the 
gladiolus and difficulty in swallowing He died on the seventeenth day of his 
illness The results of culture of the blood, the white blood cell counts and the 
temperature chart are shown in figure 13 

The necropsy showed resohing pneumonia on the right side, with many 
abscesses of the lung, diffuse mediastimtis and empyema (hemolytic streptococci) 
on the right side m the anterior mediastinal pleural space 

This case emphasizes two points first the seriousness of mediasti- 
nitis III lobar pneumonia and, second, the importance of mixed infec- 
tions in this disease, a feature that has been studied and reviewed most 
thoroughly by Finland,-® Paisons and M^ers-' and Solomon and 

25 Farnum -- Fischer 

26 Finland, H The Significance of Alixed Infections m Pneumococcic Pneu- 
monia, JAMA 103 1681 (Dec 1) 1934 

27 Parsons, J W, and Mjers, W K Streptococcic Sepsis Complicating 
Reco\er\ from Pneumococcic Pneumonia, JAMA 100 1857 (June 10) 1933 
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Curphey^s It also emphasies the impoitance of snbsteinal pain and 
dysphagia in the diagnosis of mediastinitis 

COMMENT 

Ibe cases lepoited in this paper illustiate that an acute abscess or 
a chionic inflaminator}^ lesion of the mediastinum may occui as a result 
of a vaiiety of infections In some cases the piocess is only part of a 
moie widespread and extensive piocess, and foi that reason it is of 
inteiest only so fai as the complete diagnosis is concerned In othei 
cases, howe\ei, an abscess is the pnncipal lesion, and when recognized 
It can be tieated with a leasonable degiee of success For this reason 
It IS necessaiy to lecogmze the conditions which cause mediastinal 
abscess and to be familiai w'lth the features in these cases 


SUMMAR\ AiND CONCLUSIONS 

Fiom a study of sixty cases of acute and of chronic mediastinitis 
the follownng conclusions aie justified 

Acute and chronic mediastinal infections aie most common in the 
postenor mediastinum 

The common causes of posterioi mediastinitis aie peifoiation of 
the esophagus and suppuiative hmph nodes Other causes are lesions 
in the spine, lungs pleuia and abdomen Infections due to tubeicle 
bacilli 01 hemolytic stieptococci aie fiequent causes 

Abscess of the anterioi mediastinum lesults most often from an 
infection in tlie neck oi fiom osteomjelitis of the steinuin A chronic 
infection m this location is usualh due to tubeiculosis oi syphilis 

The diagnosis of mediastinal abscess depends on (1) the presence 
of a condition wdnch is capable of pioducmg mediastinal infection, (2) 
the symptoms and signs of an infection, wnth local physical signs refei- 
able to the mediastinum, and (3) the results of aspiration oi exploration 
On the wdiole, the piognosis m mediastinal abscess is poor, largely 
because of the presence of the process that is responsible for the abscess 
When the process is localized to a pait of the mediastinum wdnch is 
accessible for surgical treatment, the prognosis is bettei 

Chiomc fibious mediastinitis is due to healed or active tubeiculosis, 
syphilis or pyogenic infection Theie is often an associated fibrous 
peiicarditis, so that the clinical picture may be that of congestive heart 

failuie due to cardiac compression 

Cardiac failure with congestion may also accompany mediastinitis 
when theie is an associated defect of the initial valve or an aneurysm 
of the aorta compressing the pulmonary aitery When this is the case 
the mediastinitis may be latent oi may play only a small part m the 
clinical featuies 


28 Solomon, S, and Curphey, T 
Pneumococcic Lobar Pneumonia, J 


J Streptococcic Septicemia Complicating 
A M A 108 187 (Ian 16) 1937 



INFLUENCE OF DIARRHEA ON THE VITAMIN 

REQUIREMENT 

MARGARET DANN, MD, Ph D 

AND 

GEORGE R COWGIRL, PhD 

NEW HAVEN, CONN 

Chionic dianhea occurs as a S 3 unptom in a gieat vaiiet} of diseases 
(table 1) In the management of the majority of these conditions, one 
of the problems of piime importance is the assuiance of an adequate 
supply of dietary essentials Without intending to minimize the 
importance of mineral constituents oi of the other substances known 
to be necessary in the diet, we present this study concerned with one 
particular aspect of the problem, namely, the amount of vitamin 
which may be required by patients suffering from dianhea 

The hteratuie contains abundant clinical evidence that disorders due 
to dietary deficiencies, usually multiple but particularly of the vitamins 
of the B complex, occui as complications of chionic diseases of the 
alimentary tract Signs and symptoms of pellagra and beiiberi have 
been obseived in carcinoma of the gastrointestinal tract (Rolph,^ 1916, 
Eusterman and O’Leaiy,- 1931), in ulcerative colitis (Barnes,® 1926, 
Mackie,^ 1935) and after short-ciicuiting opeiations on the intestines 

This project was aided by a grant from General Mills, Inc 

From the Laboratory of Physiological Chemistry, Yale University School of 
Medicine 

Throughout this paper the term milligram equivalent is used to indicate 0 05 
U S P unit (Cowgill, G R The Vitamin B Requirement of Man, New Haven, 
Conn , Yale University Press, 1934 

* Fellow of the Henry Strong Denison Foundation for Medical Research, 
1934-1935 The data presented in this article are from a thesis submitted to the 
faculty of the Yale University School of Medicine m partial fulfilment of the 
requirements for the degree of Doctor of kledicine 

1 Rolph, F W Cancer of the Stomach and Pellagra in the Same Patient, 
Canad M A J 6 323-324 (April) 1916 

2 Eusterman, G B , and O’Leary, P A Pellagra Secondary to Benign 
and Carcinomatous Lesions and Dysfunction of the Gastrointestinal Tract, Arch 
Int Med 47 633-649 (April) 1931 

3 Barnes, J M Typical Pellagra Syndrome Developing in Patient with 
Chronic Ulcerative Colitis AVhile Under Hospital Treatment, Ann Clin Aled 
4 552-564 (Jan) 1926 

4 Mackie, T T Ulcerative Colitis II The Factor of Deficiencv States, 
JAMA 104 175-178 (Jan 19) 1935 
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( Jones,® 1933 , Urmy, Ragle, Allen and Jones,® 1934) In the treatment 
of patients with chronic diarrheal conditions, particularly ulcerative 
colitis, Lariinore ■ (1928), Bargen and Victor® (1931) and others have 
advocated the administration of diets rich in vitamins, especially vitamin 
B Baigen and Victor have recommended the addition of 200 mg of 
brewei s’ yeast daily to the bland diet usually tolerated by these patients 
In the treatment of bacillary dysentery the value of “vitamin prep- 
arations given with a definite purpose in view and not haphazard” has 
been mentioned by Corner “ (1935), and the specific value of parenteral 
administration of vitamin Bj in a form of infantile diarrhea prevalent 
in Palestine has been described by Grunfelder and his colleagues^® 

Table 1 — Classification of Eiiologtc Factois in Chronic Diariheas’^ 


I Infectious nnd pnrnsitic di'cnses 
Ilnclllnrj dysenteries 
Amebic djsentcry 
Tuberculosis of the gnstroliitcstlnnl 
tract 

Diseases duo to other organisms 
II lo\Ic disorders 

Poisoning duo to mercurj , arsenic, etc 
Uremia 

III Endoorlno disorders 

Addison’s disease 
Thjrotoxicosis 

IV ^coplnsms 

V Deilclcncs state® 

Beriberi 

Sprue 

Pollagrn 


M tllergic disorders 

VII Chronic pasclre congestion 
Cardiac failure 
Cirrhosis of luer 

Mil Operntho procedures 
Intestinal resection 
Malfunctioning gnstrocntcrostom} 

I\ Gastrogenlc disorders 
\chjlia 

Dclnjcd cmptjing 

X IrrltatUc disorders 

rermentatUe and putrefactive condl 
tions 

\I ^curogcnic nnd pE^chogcnic disorders 

\II Disorders of unknown etiology 
UIccrativo colitis 
Regional Ileitis 


* Modified from cIns«Ificntions published by II W Bcttman (Diarrhea, in Nelson Loose Leaf 
Lhing Medicine, New York Tliomns Nelson A, Sonc, insi, vol i, pp 355-354), J L Kantor 
(Treatment of Common Disorders of Digestion, cd 2, St Louis, C V Mosby Company 1529, 
p 242, Diarrhea, Am J Digest Dis A, Nutrition 2 1 7 [Jlnrch] 1935) nnd P W Brown (Diag 
nosis and Treatment of Certain Ivpcs of Chronic Diarrhea, \nn Int Med 8 93 99 [Julj] 
1934) 


5 Jones, C M Peripheral Complications of Ulcerative Colitis, M Clin 
North America 16 919-928 (Jan ) 1933 

6 Urmy, T V , Ragle, B H , Mien, A W , and Jones, C M Beriberi 
Secondary to Short-Circuited Small Intestine, New England J Med 210 251-254 
(Feb 1) 1934 

7 Larimore, J W Chronic Ulcerative Colitis Observations of Treatment 
by Diet, Tr Am Gastro-Enterol A 30 298-318, 1928 

8 Bargen, J A, and Victor, M Diet in Intestinal Disorders, JAMA 
97 151-154 (July 18) 1931 

9 Corner, H W Bacillary D 3 sentery A Summary of Treatment, Brit 
M J 1 1162-1165 (June 8) 1935 

10 Grunfelder, B , Rabinovici, E , Geiger, 'A , and Rosenberg, A Ueber 
die therapeutische Wirkung von intravenos verabreichtem B Vitamin in der 
Behandlung der Ernahrungsstoi ungen mit toxischen Ersch(/nungen bei Saug- 
lingen, Klin Wchnschr 12 983-985 (June 24) 1933 
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(1933) The controversy as to whethei Mtamm therapy is of any avail 
in intestinal tuberculosis, illustrated by the reports of McConkey 
(1930) and of Stembach and Rosenblatt^- (1935) pro and con, 
1 espectively, may be due in part to the fact that in the administration 
of vitamins physicians have had little information as to how much of 
each vitamin is actually needed by the patient 

Few data have been available on which to base quantitative prescrip- 
tions In the present investigation an approach to the problem has been 
made by determinations of the effect of diarrhea on the vitamin 
requirement of dogs under various conditions The clinical value of 
such experiments depends, first, on the accuracy of the methods used 
and, second, on the applicability of the results to human beings An 
accurate determination of the individual animal’s requirement for vitamin 
Bi under any desired conditions has been made possible and relatively 
easy by a standardized method that has been devised (Cowgill, Deuel 
and Smith,^® 1925) to utilize the appearance of the specific anorexia 
which develops as an early sign of deficiency of this dietary essential 
After the development of this method and the determination of the 
normal requirement of the dog, we undertook an extensive research 
project to discover the influence on the vitamin B^ requirement undei 
a number of conditions, including exercise (Cowgill, Rosenberg and 
Rogoff 1931), disease of the thyroid gland (Himwich, Goldfarb and 
Cowgill,^® 1932), fever (Cowgill and Dann,^® 1936) and diuresis (Cow- 
gill, Rosenberg and Rogoff,^' 1930) The present study is a part of this 
series of experiments 

11 McConkey, AI The Treatment of Intestinal Tuberculosis with Cod Liver 
Oil and Tomato Juice, Am Rev Tuberc 21 627-635 (May) 1930 

12 Stembach, M M , and Rosenblatt, M B Vitamin Therapy in Intestinal 
Tuberculosis, Am Rev Tuberc 31 35-43 (Jan ) 1935 

13 Cowgill, G R , Deuel, H J , Jr , and Smith, A H Studies in the 
Physiology of Vitamins III Quantitative Aspects of the Relation Between 
Vitamin B and Appetite in the Dog, Am J Physiol 73 106-126 (June) 1925 

14 Cowgill, G R , Rosenberg, H A , and Rogoff, J Studies in the Physi- 
ology of Vitamins XVI The Effect of Exercise on the Time Required for the 
Development of the Anorexia Characteristic of Lack of Undifferentiated Vitamin 
B, Am J Physiol 98 589-594 (Nov) 1931 

15 Himwich, H E , Goldfarb, W, and Cowgill, G R Studies in the 
Physiolog}’- of Vitamins XVII The Effect of Thyroid Administration upon the 
Anorexia Characteristic of Lack of Undifferentiated Vitamin B, Am J Physiol 
99 689-695 (Feb) 1932 

16 Cowgill, G R , and Dann, M The Failure of Dinitrophenol to Influence 
the Vitamin B Requirement, Yale J Biol & Med 8 501-509 (Alay) 1936 

17 Cowgill, G R , Rosenberg, H A , and Rogoff, J Studies in the Physiol- 
ogy of Vitamins XIV The Effect of Administration of Large Amounts of Water 
on the Time Required for De\elopment of the Anorexia Characteristic of a 
Deficiency of the Vitamin B Complex, Am J Physiol 95 537-541 (Dec) 1930 
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As far as the noimal vitamin lequirement of man is concerned, 
the applicability of data deiivcd from expeiiments on dogs and othei 
animals to its estimation has been abundantly pioved On the basis of 
of evidence that the lequnement in several species is a function of the 
body weight and of the metabolic rate of the organism, the formula 
foi man has been evolved (Cowgill.^® 1934) 

= 0 0000284 X ^Velght (Gm ) 

In this foimula the daily vitamin Bj requirement is given in milligrams 
of a standard yeast concentiate (milligram equivalents), and the caloiies 
repiesent the individual’s daily total caloric intake The validity of this 
torinula is established by means of extensive calculations of the vitamin 
Bj^ content of a number of dietaiies foi human beings and excellent 
con elation between then conformity to the formula and their ability to 
protect against beiibeii Fuither confiimation of this \\ork may be 
found in the study of Bakei and Wiight’'’ (1936), and pi oof of the 
clinical usefulness of the foimula has appealed m independent clinical 
lepoits (folliffe and Colbcit,-" 1936, Goodhart and JoUiffe,-^ 1938), 
showing that so-called alcoholic pol} neuritis is not impioved m patients 
whose vitamin-caioiy ratio is low' or boideilme but that marked nnpro\e- 
ment is obtained wdien excess vitamin B^ is administered As data derived 
fiom expeiiments on dogs have alieady pro\ed useful m application to 
dietaiy problems of human beings, a study of the effect of diarihea on 
the vitamin B^ leqiiiiement of dogs may therefoie be considered a valid 
means of appioach to the question of the amount of this Mtamm w'hich 
should be made available to patients suffering fiom diseases in which 
chronic diairhea is a symptom As a result of the present study, some 
conclusions w'lll be presented not only as to the quantities desnable but 
also as to the lelative values of vanous souices and routes of adininistia- 
tion of the vitamin 

In addition to the possible clinical application of deteiminations of 
the vitamin Bi requiiement of dogs w'lth diarrhea, the data may also 
shed some light on the question of the mode of excietion of this factoi 
The fact that this vitamin is excieted in the mine and that the amount 
beais some relation to the dietary intake has been demonstrated by 

18 Cowgill, G R The Vitamin B Requirement of Man, New Haven, Conn, 
Yale University Press, 1934 

19 Baker, A Z , and Wright, M D Vitamin Bi in Human Diets, Pioc Roy 
Soc Med 29 1145-1154 (July) 1936 

20 Jolliflfe, N , and Colbert, C N Ftiology of Polyneuritis in the Alcohol 
Addict, JAMA 107 642-647 (Aug 29) 1936 

21 Goodhart, R , and Jolliffe, N Effects of Vitamin B (Bi) Therapy on the 
Polyneuritis of Alcohol Addicts, J A M A 110 414-419 (Feb 5) 1938 
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Muckenfuss -- (1918), Van der Walle (1922) and Hams and Leong 
(1936) In this connection, certain of our previous experiments (Cow- 
gill, Rosenberg and Rogoff,^' 1930) aie interesting They showed that 
diuresis produced by forcing fluids more than doubled the dog’s require- 
ment for vitamin B, as measured by the time necessary for anorexia 
to develop after the animal had been given an opportunity to store a 
maximum amount of the vitamin in the tissues and then was given a 
diet free from this factor This effect was attiibuted to a washing out 
of the vitamin 

The direct estimation of the vitamin Bj content of the feces cannot 
be used to determine the excretion of this mateiial by the intestinal 
route, because of its presence in the stools of animals not receiving any 
vitamin B^ in the diet, presumably as a result of multiplication of 
intestinal bacteria whose bodies contain this vitamin (Steenbock, Sell and 
Nelson,^'' 1923, Salmon.-® 1925, Damon,-' 1923 and 1924, Heller, 
McElroy and Garlock,-® 1925, Sundeihn and Werkman,-® 1928, Cow- 
gill and Weinstein ®®) 

However, indirect evidence as to the importance of the intestines m 
the loss of vitamin Bj might be obtained by means of experiments in 
which diarrhea was produced, analogous in some i espects to the diui esis 
experiments (Cowgill, Rosenbeig and Rogoff^') perfoimed m 1930 
From a theoretic standpoint, dianhea might operate to increase the 
body’s need for vitamin B^ by bringing about a loss of the vitamin stored 
in the tissues, through excietion into the intestines along with the fluid 
which forms so large a part of the diarrheal stool A differentiation 

22 Muckenfuss, A M The Presence of Food Accessories m Urine, Bile 
and Saliva, J Am Chem Soc 40 1606-1611, 1918 

23 Van der Walle, N The Presence of the Antineuntic and Antiscorbutic 
Vitamins in Urine, Biochem J 16 713-726, 1922 

24 Harris, L J , and Leong, P C Vitamins m Human Nutrition The 
Excretion of Vitamin Bi in Human Urine and Its Dependence on the Dietar}' 
Intake, Lancet 1 886-894 (April 18) 1936 

25 Steenbock, H , Sell, M T , and Nelson, E M Vitamin B I A Modified 
Technique in the Use of the Rat for Determinations of Vitamin B, J Biol Chem 
55 399-410 (March) 1923 

26 Salmon, W D Vitamin B in the Excreta of Rats on a Diet Low in 
This Factor, J Biol Chem 65 457-462 (Sept ) 1925 

27 Damon, S R Some Observations in Regard to Growth-Promoting Sub- 
stances of Bacterial Origin, J Bid Chem 56 895-902 (July) 1923 , Acid-Fast 
Bacteria as a Source of Vitamin B, J Path & Bact 27 163-169 (April) 1924 

28 Heller, V G , McElroj", C H , and Garlock, B The Effect of the Bac- 
terial Flora on the Biological Test for Vitamin B, J Biol Chem 65 255-264 
(Aug) 1925 

29 Sunderhn, G, and Werkman, C H Synthesis of Vitamin B by Micro- 
organisms, J Bact 16 17-33 (July) 1928 

30 Cowgill, G R , and Weinstein, L Unpublished data 
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between the amount of the vitamin which merely escapes absorption 
and that which may be actively excreted through the intestinal tract can 
be made by ai ranging conditions so that in some of the experiments the 
dogs ingest small amounts of vitamin daily and so that impairment of 
absorption plays a major role, whereas in otheis this factor is excluded 
either by giving the vitamin parenterally or by inducing diarrhea only 
after the animals have had an opportunity to store a maximum amount 
of it in their tissues 

The experiments reported here are designed, therefore, with a two- 
fold purpose, first, to obtain data which may be applicable to an estima- 
tion of the vitamin requirement of patients suffering from diarrheal 
conditions and, second, to contribute to available knowledge of the mode 
of excretion of this vitamin 

EXPERIMENTAL METHODS 

The methods used in this investigation consisted of two principal 
procedures, both of which were derived from the observations made in 
1925 (Cowgill, Deuel and Smith and were based on the production 
in dogs of anoiexia shown (Cow^gill, Rosenberg and Rogolf,®^ 1931, 
Burack and Cow'gill,^- 1931 , Sherman and Sandels,““ 1931) to be specific 
for the antineuritic vitamin B (Bj) 

A group of 9 j Cling adult mongrel dogs, weighing between 6 and 11 Kg, was 
cmplojed Eierj’ dog was obsened at the beginning to have a normal appetite and 
was given a vermifuge to assure freedom from intestinal parasites The diet 
consisted of an artificial mixture of casein, sucrose, lard, butter, bone ash and 
certain mineral salts, known to be practically free from vitamin B, which was 
described (Cowgill ^■*) in 1923 and designated as the casein III diet The supple- 
ments arc listed m table 2 At the time these experiments were conducted, pure 
crystalline vitamin Bi was not yet available Since complex mixtures had to be 
used, widely different sources were chosen, so that if quantitativ’ely comparable 
results should be obtained, they could be attributed specifically to the vitamin 
and not to any other components of the materials These substances were assayed 

31 Cowgill, G R , Rosenberg, H A , and Rogoff, J Studies in the Physiol- 
ogy of Vitamins XV Some Observations of the Effect of Administration of the 
Antineuritic and Heat Stable Factors on the Anorexia Characteristic of Lack 
of the Vitamin B Complex, Am J Phj'siol 96 372-376 (Feb ) 1931 

32 Burack, E, and Cowgill, G R Anorexia Characteristic of Lack of the 
Vitamin B Complex The Roles of the Individual Components, Proc Soc Exper 
Biol & Med 28 750-752 (April) 1931 

33 Sherman, H C , and Sandels, M R Further Experimental Differentia- 
tion of Vitamins B and G, J Nutrition 3 395-409 (Jan ) 1931 

34 Cowgill, G R Studies in Physiology of Vitamins II Parenteral 
Administration of Vitamin-B— Mammalian Experiments, Am J Physio! 66 
164-175 (Sept) 1923 
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in this laboratory, the pigeon method (Block, Cowgill and Klotz.^s 1932) being 
used The values found corresponded well with those claimed by the manufacturers 

Series 1 consisted of “saturation” experiments, m which the tissues were first 
given opportunity to store vitamin Bi Each dog, after receiving a stock diet, 
was transferred to the casein III diet and at the same time given large portions 
of substances rich in vitamin Bi Usually 50 Gm of yeast w^as administered one 
day, followed by 50 Gm of w'heat germ the next day, or else two 50 Gm portions 
of either material w'as given In some instances 10 Gm of liver extract w'as also 
administered, to make doubly sure that \itamin B: (or G) was also present in 
abundance 

The animal was then allowed to subsist on the vitamin Bi deficient diet, a daily 
w^eighed amount being provided W'hich was sufficient for its caloric needs Invari- 
ably a day came, after a period varying for different animals from ten to tw^enty- 
four days, when only a part of the ration was consumed, and on the following 
day part of or all the food was again refused The number of days during which 
there was a perfect appetite was taken as the significant figure, but the experi- 
ment was not considered complete until checked as follows The dog w'as given 


T'\ble 2 — Soiiices of Vitamin Si 



Vitamin Bi Value 


Milligram 

DSP 


Equivalents* 

Units 

Yeast, dried brewers’ t 

116 per Gm 

5 8 per Gm 

Wheat germ + 

132 per Gm 

6 6 per Gm 

Rice polishings extract § 

1,193 per cc 

59 6 per cc 


* One milLgram equivalent (CowgiU,!® 1934) equals 0 05 U S P units 
t Supplied by the Northwestern Teast Co , Chaago 

J The wheat germ used was embo, a product of General Mills, Inc , Minneapolis, supplied 
for evpenmental purposes by Dr C H Bailey, director of research 

§ An e'^tract suitable for subcutaneous injection was made by Eli Lilly Co according to 
the method previously descnbed (Stuart, Block and Cowgill,®" 1934) The concentrate was 
furnished for this research project by D H W Rhodehamel, director of research 

a small dose of beef extract w^hich was free from vitamin Bi and one or two 
days later a small dose of a potent source of the vitamin In etery case the 
appetite for the usual daily amount of the casein III diet was restored by the 
latter for at least one day but never by the former 

The dog w^as then brought as nearly as possible to the same nutritional con- 
dition as before the experiment was begun by being given the stock diet, usually 
for at least three weeks before the next experiment was started In this experi- 
ment the effect of diarrhea was determined A procedure identical with that pre- 
viously described was used, except that beginning on the day after the second 
large dose of vitamin Bi was given, magnesium sulfate was administered daily 
This saline cathartic was chosen in order to produce mild diarrhea, compatible 
with maintenance of normal weight and health This drug acts on both the small 
and the large intestine by osmosis, causing retention and excretion of water m 
the alimentary tract, with little of the irritative and toxic actions characterizing 

35 Block, R J , Cowgill, G R , and Klotz, B H The Antineuntic Vitamin 
I The Alethod of Assay, Concentration of the Vitamin with Silver Under Various 
Conditions, and Its Solubility in Certain Organic Solvents, J Biol Chem 94 
765-782 (Jan) 1932 

36 Liebig’s extract of beef, lemco, was used 
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otiicr t}pes of purgatives Dogs receiving enough magnesium sulfate daily to 
cause loose or fluid stools foi weeks at a time appeared as healthy and lively as 
when they were not receiving the drug and did not lose weight Usually from 
3 to 5 Gm w'as found suflicient The drug w’as given in gelatin capsules at the 
same time that the food was put into the cage Considerable individual variation 
was seen in the time of dav at which the soft or fluid stools appeared, the average 
time being about eight hours after the administration of the laxative 

In series 2 and 3, which differed only as to the form in w'hich the \itamin w'as 
administered, the guiding principle of the experiment was that of preventing 
anorexia by the smallest possible daih dose of Mtamm Bi while the animal was 
recen mg the deficient diet 

In the experiments in series 2 each dog was allow-ed to subsist on the ration that 
was free from Mtamm Bi until anorexia dc\ eloped The next daj' a supplement 
containing \itamin Bi was gnen, usually 0 3 Gm of yeast or wdieat germ per 
kilogram If the animal refused to cat all its daih portion of the casein III 
diet, the dose of the Mtamm prepaiation was increased, usually by about 0 2 Gm 
Similar increments w'cre added each day until a dose was reached wdiich caused 
the appetite to be restored This apparently adequate dose was continued for 
ten da\s 

In other dogs the trial dose w'as found sufficient to maintain the appetite In 
these cases the initial dose was continued daih for ten da^s, after w’hich it was 
decreased, usualh by about 10 per cent This procedure was repeated until a 
dose W'as reached at which the dog refused to cat all its ration for tw’o or more 
days The prcMous dose, with which it had eaten well for ten days, w'as then 
administered, and usually the appetite was restored A difference of 0 2 Gm 
per dav in the total dose of the yeast or wheat germ gnen by mouth usuallv made 
the difference bctw'ccn refusal of at least part of the diet free from vitamin Bi 
and w'lllingncss to cat the entire portion In some cases when the animals did 
not immediately consume all the vitamin supplement from a dish, the Mtamm w'as 
gnen in gelatin capsules 

The requirement for each deg was determined In the method outlined m tw'o 
periods, one in which there w’as no diarrhea and the other m which the dog 
received sufficient magnesium sulfate to produce liquid stools daih In some 
instances the period of diarrhea preceded the one w’lthout diarrhea, and in some 
It follow'cd this period In some cases the reauired dosage w'as reached by increas- 
ing doses and in some by decreasing ones 

This method possesses the ad%antages that the daily requirement can be stated 
in units of vitamin Bi and that a comparison can be made betw'een different sub- 
stances and also betw'een ^anous loutes of administration The justification for 
using a period as short as ten dais in establishing the criterion of the minimal 
daily dose is that m a number of preliminary experiments not included in this 
paper it was found that the results for anv dog could be obtained again w’lth 
fairly reasonable agreement (table S, dog 2) Also, the average dailv requirement 
of orally administered vitamin Bi found under normal conditions by this method 
(35 5 milligram equivalents per kilogram of bodv weight) corresponds closely 
with the value (40 milligram equivalents per kilogram pei dav) obtained (Cow'giH, 
Deuel and Smith, is 1925) for dogs which w'eie maintained on the minimal daily 
dose necessary to preserve appetite for two months or more 

The procedure m series 3 w'as identical with that m senes 2, except that instead 
of an oral dose of vitamin B, a source of this vitamin was administered sub- 
cutaneously m the form of a rice polishings concentiate The preparation as 
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obtained from the manufacturer (Stuart, Block and Cowgill,^' 1934) was diluted 
ten times with sterile physiologic solution of sodium chloride and administered \\ ith 
aseptic precautions As a trial dose for starting, 0 02 cc per kilogram was the usual 
amount, and after the end point had been reached, a difference of 0 02 cc m the 
total dose was usuallj’- significant 

It IS apparent that either parenteral administration or the method used in series 
1, m which the animals were given sufficient vitamin Bi before diarrhea started 
to saturate their tissues, would obviate the loss of vitamin by failure of intestinal 
absorption On the other hand, in series 2, m which the vitamin was given in 
daily oral doses, it might be expected that lack of absorption during diarrhea 
would plaj”- a major role By these varied procedures any excretion of vitamin Bi 
through the intestinal tract, which might be enhanced by the diarrhea, could be 
distinguished from simple failure of absorption 

Table 3 — Effect of Diauhea on Vtfaimn Bx Reqnuement of Dogs Afiei 
"Sahuation” Doses (Seues 1) 


Without Diarrhea With Diarrhea 

A, * 




Period of 


Period of 

Difference 


Body 

Perfect Food 

Body 

Perfect Food 

Between 


Weight, Intat-e (a), 

Weight, 

Intake (b), 

a and h. 

Dog 

Kg 

Days 

Kg 

Dajs 

Dajs 

1 

11 2 

12 

11 1 

15 

-)-3 

2 

92 

13 

89 

12 

—1 

3(0) 

80 

14 




(b) 

73 

10 






Average 12 

10 3 

12 

0 

i 

7 5 

11 

87 

12 

+1 

5 

99 

24 

10 7 

18 

-6 

C 

62 

22 

7 5 

17. 

— 5 


RESULTS 

The results of senes 1 (table 3) indicate that diarihea following 
adequate storage of vitamin has little effect on the tune requiied 
for depletion to the level of anorexia For 4 of the 6 dogs studied by 
this method the differences in length of the peiiod of perfect appetite 
with and without diarrhea were no, one, one and three days, respectively, 
which are within the limit of erior of the method, as illustrated by the 
difference of four days found in 2 experiments without diarrhea on 
the same dog (dog 3, table 3) In 2 others the periods of diarrhea were 
shelter by five or six days than the control peiiod These can hardly 
be considered of much significance Avhen compared with prcAuous experi- 
ments (Cowgill, Rosenberg and Rogoff,^" 1930) which showed that 
diuresis deci eased the time necessary for depletion in 4 dogs from nine- 
teen, twenty-two, thirty-thiee and twenty days to eight, ten, fifteen and 

37 Stuart, E H , Block, R J , and Cowgill, G R The Antincuntic V itamin 
V The Preparation of a Vitamin Concentrate Suitable for Parenteral Use, 
J Biol Chem 105 463-466 (June) 1934 
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eleven days, respectively It seems evident, therefore, that when the 
animals aie not receiving vitamin by mouth and the question of failure 
of absorption due to diarrhea is not involved, the rate of loss of stored 
vitamin from the body is not accelerated by diarrhea 

In maiked contrast were the results when tissue stores were lowered 
and daily oral doses of vitamin B^ were administered (table 4) When 
mild diarrhea was induced undei these conditions, without exception 
there was a definite increase in the amount of the vitamin required 
This increase ranged from 18 to 82 per cent It is obvious that the 
increase can be accounted for simply by the failure of absorption of 
the food materials containing vitamin B^ It is noteworthy that the con- 
comitant loss of part of the caloric value of the ingested food did not 
prevent the failure of appetite which is characteristic of vitamin B^ 
deficiency 

The consistent increase in requirement seen with the daily oral doses 
(table 4) w'as absent in series 3 (table 5), in which the daily dose of 
vitamin B^ was guen parenterally With the exception of dog 2, wdiich 
show'ed a marked increase, the amounts of rice polishings concentrate 
needed to maintain appetite when the dogs were subjected to diarrhea 
were not significantly larger than those needed in the absence of diarrhea, 
being 0, 0, 1 2, 3 6 and 4 8 milligram equivalents per kilogiam Differ- 
ences of less than 6 milligram equivalents per kilogram may be regarded 
as insignificant, as such a difference was found between 2 experi- 
ments on the same dog (dog 2, table 5) wnthout diarrhea It is apparent 
that the results for 5 of 6 dogs confirm those in series 1 No explanation 
can be offered for the anomalous behavior of dog 2 

It may be observed that the average \alue for the requiiement of 
the vitamin given parenterally w^as 25 milligram equivalents per kilogram 
per day without diarrhea and, excluding dog 2, 25 5 milligram equivalents 
with diarrhea The apparently lower requirement of vitamin B^ by 
this route as compared to that administered oially is of little significance 
m view^ of the wide lange of individual vaiiation 

So far as the beaiing of these results on the question of the excretion 
of vitamin Bi is concerned, they indicate that no significant amounts of 
vitamin Bi are lost by excretion into the intestinal tract when its activity 
IS stimulated and fluid loss is encouraged by diairhea induced wnth 
magnesium sulfate The possibility of excretion m the bile (Mucken- 
fuss," 1918) IS by no means excluded Howevei, if these results are 
considered in conjunction with those obtained in 1930 (Cowgill, Rosen- 
berg and Rogoff it appears probable that the chief route of excretion 
of vitamin B^ is by way of the kidney 
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CLINICAL APPLICATIONS 

According to the previously mentioned formula (Co^\glll/® 1934) a 
normal person weighing 66 Kg should ingest a diet having a vitamm- 


Table 4 — Effect of Diaiilica on Rcqmiemcnt of Vitamin Bt Administct cd 

in Daily Dial Doses (Senes 2) 


Dailj Dose 

r ~ ^ ■» 

Without Diarrhea With Diarrhea Incrense 

^ ^ , , ^ 

Milh Milh Milh 


Source gram gram gram 


Dog 

of Body 

Vitamin Weight, 
Bi* Kg 

Gm 

Gm 

per 

Kg 

Equiv Body 
alents Weight, 
per Kg Kg 

Gm 

Gm 

per 

Kg 

Equiv 
alents 
per Kg 

Gm 

per 

Gm Kg 

Equiv- 
alents 
per Kg 

Per 

cent 

age 

1 

Teastt 

10 7 

22 

0 20 

23 2 

111 

30 

0 27 

31 3 

OS 

0 07 

81 

17 5 

2 

Teastt 

S7 

1 7 

0 20 

23 2 

More than 

10 0 31 0 31 

36 0 

More than 
14 011 

12 8 

82 0 

3 

EmboJ 

7 9 

20 

025 

33 0 

93 

30 

0 32 

42 2 

10 

0 07 

92 

50 0 

4 

Teastt 

73 

1 7 

0 23 

26 7 

78 

20 

0 26 

30 2 

03 

0 03 

3 5 

18 0 

7 

Embot 

60 

28 

0 47 

62 0 

63 

35 

0 56 

73 9 

07 

0 09 

11 9 

25 0 

S 

EmboJ 

5 2 

1 8 

0 35 

46 2 

More than 

52 30 058 

76 6 

More than 
1 2 0 23 

30 4 

67 0 


* For a description of these sources of vitamin Bi see table 2 
+ One gram equals 116 milligram equivalents 
t One gram eouals 132 milligram equivalents 


Table 5 — Effect of Dianhea on Daily Parenteral Dose of Vitamin Bi Rcqmicd 
to Maintain Appetite m Dogs (Senes 3) 


Daily Dose* 


■ ~ ' ~ ^ 

Without Diarrhea With Diarrhea Increase 

A X. _ . _ - A 



r 



% 

i 




f 


S 





Milh 




Milh 



Milh 


Body 



gram 




gram 



gram 



Cc per 

Equiv 

Body 



Equiv 



Equiv 


Weight, 


alents 

W'eight, 


Cc per 

alents 


Ce per 

alents 

Dog 

Eg 

Cc 

Kg 

per Kg 

Kg 

Cc 

Kg 

per Kg 

Cc 

Kg 

per Kg 

1 

11 1 

018 

0 016 

191 

11 7 

0 24 

0 020 

23 9 

006 

0 004 

4 8 

2(a) 

97 

6 28 

0 029 

34 6 

10 0 

0 44 

0 044 

52 5 

016 

0 015 

17 9 

(0) 

10 0 

0 24 

0 024 

28 6 

11 1 

0 50 

0 055 

65 G 

0 26 

0 031 

37 0 

Average 




31 6 




59 0 



27 4 

3 

91 

016 

0 018 

215 

93 

018 

0 019 

22 7 

002 

0 001 

1 2 

4 

7 6 

0 20 

0 026 

31 0 

84 

0 22 

0 026 

31 0 

0 02 

0 000 

0 

5 

90 

0 24 

0 027 

32 2 

89 

0 24 

0 027 

32 2 

000 

0000 

0 

9 

86 

010 

0 012 

14 3 

81 

012 

0 015 

17 9 

0 02 

0 003 

3 6 


* Rice polishings concentrate, 1 cc of -nhich is equivalent to 1,193 milligram equivalents 


calory ratio of at least 1 87 The minimum ratio for an adult w^eighing 
35 Kg IS 1 and for one of SO Kg , 2 25 Values between 1 8 and 2 are 
“too close to the minimum to be satisfactory ” The “average American 
diet” desciibed by Sherman^® (1924) has been calculated (Cowgill,®® 

38 Sherman, H C Chemistrj’- of Food and Nutrition, New York, The 
Macmillan Companj^ 1924, p 391 

39 Covvgill,^® p 186 
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1934) to contain 6,847 milligiam equivalents of vitamin and 2,500 
caloiies, giving a vitamin-caloiy ratio of 2 74, well above the boiderline 
for all but unusually laige persons and neaily 50 pei cent above the 
civeiage minimum lequirement 

The amount of vitamin contained in such a diet may be appreciated 
moie leadily if one considers that 6,847 milhgiam equivalents is 
equivalent to 6 cc of the iice polishings concentrate used in the animal 
expeiiments of this study oi to something under 2 ounces of brewers’ 
yeast oi of wheat geim (59 and 52 Gm , respectively) 

The expeiiments of series 2 (table 3) show that m dogs with mild 
diaiihea there is a use of from 20 to 80 per cent in the daily oral require- 
ment of vitamin Bj Ihis suggests that if a human being receiving an 
ordinaiy adequate diet should suflei fiom an analogous degiee of 
diarihea, his maigin of safety, which would average 50 per cent, might 
easily be wiped out, and that if he continued to subsist on his original 
diet foi any length of time he might be in danger of at least a mild 
degiee of vitamin B^ deficicnc} This possibility would be inci eased by 
a change to a low lesidue diet which, because of the omission of many 
of the best sources of vitamin Bj:, such as A\hole wheat, oatmeal, bran, 
nuts and many vegetables, is likely to have a ^ itamin-calory ratio of not 
more than 2 2 to 2 5 A more pronounced degree of dianhea uould 
still fuithei increase the danger, and it is not difficult to see how in 
extieme cases the pronounced deficiency states desciibed by Mackie^ 
(1935) and otheis might develop 

A calculation of the vitamin B value of the supplement lecommended 
by Bargen and Victoi ® (1931), 200 mg of brewers’ yeast thiee times 
a day, leveals that this amounts to only 69 6 milligram equnalents, 
which would be insignificant m supplying the needs of the individual, 
contributing an amount of vitamin B^ equivalent to only 1 pei cent of 
the “aveiage Ameiican” daily dietaiy intake 

In the light of the piesent study some suggestions may be made in 
regal d to the tieatment of patients with chronic dianhea It is unwise 
to place much i chance on the fact that before the dianhea developed 
the patient may have been in an excellent state of nutiition, for vitamin 
Bi is not stoied m the body in quantities sufficient to protect against 
the effects of piolonged deficiency The appeal ance of anoiexia in such 
cases should be regarded as a wai iiing sign that the supply of this dietary 
essential which is being absorbed may be inadequate Even foi a 
patient whose appetite continues to be good, the diet should be planned 
to assuie a continued intake of enough vitamin B^ 

The vitamin Bj value of the basic diet tolerated by the patient, 
whethei the oidmaiy diet to which he was accustomed before the disease 
became manifest oi a special diet, such as one low in roughage, can 
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be calculated by the physician or the dietitian from tables that ha^e 
been published in volumes on vitamins, by Cowgill and in many hand- 
books of dietetics By adding up the caloric content of the foods 
comprising the diet and dividing the total number of milligiam 
equivalents of vitamin Bi by the total number of caloiies, the vitamin- 
calory ratio can be obtained This, of course, is of gieatest value when 
calculated on the basis of an accurate record of the food actually ingested 
by the patient 

The minimum vitamin-calory ratio required by an individual, if he is 
an adult, depends on his body weight The value can be calculated by 
the formula given previously oi can be more simply found by applying 
the chart that has been formulated (Cowgill,^^ 1934) This chart may 
be appi oximately reproduced by plotting on simple giaph paper the 
values of the vitamin-calory ratio for body weights of 30 and 80 Kg 
(0 85 and 2 25, respectively) and connecting them with a straight line 

It IS advised that after the minimum vitamin-calory ratio lequired 
by the patient has been ascertained and the ratio provided by the diet 
he IS receiving has been calculated, his vitamin Bi intake should be 
increased by means of some supplement, so that if the diarrhea is mild 
he receives a vitamin-caloiy ratio of at least double the calculated 
minimum, if the diarrhea is moderately severe the vitamin-calory latio 
should be thiee tunes the minimum 

The form in which the vitamin should be provided depends on the 
symptoms If the patient manifests signs of vitamin B^ deficiency or 
of multiple deficiencies, it is obvious that the vitamin should be admin- 
istered, along with other vitamins or any other dietary essentials 
indicated, m high dosage, m concentrated form and peihaps parenteially 
For this purpose there are available concentrates of liver, of yeast and 
of rice polishings, some of which aie suitable for intramuscular injec- 
tion, and It IS now possible to obtain the pure crystalline vitamin In 
such cases the relatively high cost of these preparations is of small 
moment compared with the urgency of immediate administiation of 
the vitamin in amounts large enough to have the desired therapeutic 
effect Some patients in wdiom there is no manifest avitaminosis or in 
whom the only suggestion of this is some degree of anorexia may nevei- 
theless be vomiting, or the diarrhea may be sufficiently severe so that 
parenteral administration may be indicated 

For the majority of patients showing diarrhea, however, it is prefei- 
able to give the extra vitamin in the foim of foods rich in vitamin Bj, 
the most notable examples being brew ers’ 5 feast and wheat germ iVIany 
excellent pieparations of both of these materials are now on the maiket 
In a few cases, a combination of the more rapidly acting concentiated 

40 Cowgill, pp 87-93 

41 Cow gill, IS p no 
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sources and the moie economical food supplements may prove most 
helpful The physician should m every case prescribe products the 
biologic potenc}^ of which has been quantitatively determined by properly 
controlled animal tests 

SUMMARY AND CONCLUSIONS 

The vitamin Bi lequiiement of dogs with and without mild but 
persistent diarihea was determined in three series of experiments In 
senes 1 the relative requirements Avere determined by observing the 
length of time necessary for anorexia to develop when the animals 
received a diet deficient in vitamin after large doses of the vitamin 
which permitted storage in the tissues No significant increase in the 
lequiiement dining the period of diarrhea was found by this method 

In series 2 the actual minimum oral dose needed to maintain appetite 
was determined This aveiaged 35 5 milligram equivalents (Cowgill) 
per kilogram pei day m the period m which there was no diarrhea A 
marked increase in the daily requirement, of from 18 to 82 per cent, 
occuired as a result of diarrhea The procedure m series 3 was similar 
to that in series 2 except that the doses were administered sub- 
cutaneously Five of 6 dogs showed no significant increase m the 
requirement as a result of diarrhea The average daily requirement of 
parenterally administered vitamin Bi was 25 milligram equivalents per 
kilogram 

These results are interpreted to mean that failure of absorption, 
Avhich would be prominent in series 2 but excluded m series 1 and 3, 
IS the only important mechanism by which dianhea increases the vitamin 
Bi requirement In conjunction with the previous study (Cowgill, 
Rosenberg and RogofiF,^" 1930), in which an enormous increase m the 
vitamin Bi requirement ivas produced in dogs by diuresis, these experi- 
ments appear to indicate that the urinary system and not the gastro- 
intestinal tract IS the principal route of excretion of vitamin Bi 

Clinical observations by a number of authois aie cited, revealing 
that avitaminosis, especially of the B complex, is a not infrequent compli- 
cation of chronic diseases of the gastrointestinal tract in which diarrhea 
IS a symptom Chronic ulcerative colitis is a conspicuous example of 
such conditions A plan is offered whereby the dietary management of 
diseases of this class with respect to the intake of vitamin Bi can be 
placed on a more nearly quantitative basis than has been possible in 

the past 
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In a lecture delivered before the Royal College of Surgeons in Febru- 
ar}^ 1896, Starling^ piedicted on theoretic grounds that “hydiaemic 
plethora’' must accompany congestive heait failure Thirteen years later 
he was able to confirm the prediction by direct observation of a dog 
sufifeimg from chronic myocaidial insufficiency- By bleeding the ailing 
animal he recovered 500 cc of blood, as compared with 300 cc from a 
normal dog of the same size In 1902 Smith,^ using the Haldane carbon 
monoxide inhalation method of determining the volume of the blood, 
demonstiated a state of plethora in a case of congestive heart failure 
due to an adheient pericardium Although Bock repoited finding a 
noimal blood volume in a case of cardiac failure more recent investiga- 
tions with carbon monoxide inhalation and \ arious dye methods ^ ha^ e 

From the Department of Medicine, Johns Hopkins University Medical School 
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indicated abnormally high blood volumes for patients suffering from 
uncomplicated heart failure ® In addition, these studies have shown a 
decrease m blood volume during recoveiy fiom myocardial failure In 
spite of the agreement of the numerous independent reports, the reli- 
ability of the methods emplo)'ed by these investigators has been seriously 
questioned ® 

Various investigators ® have attempted to illuminate the problem of 
the blood volume in heart failuie by studying the red blood cell count 

6 In a small group of cases of congestive heart failure complicated by 
chronic pulmonarj' disease, Wollhcim,''® and Hitzenberger and Tuchfeld^'t tound 
low blood volumes 

7 WoIIlieim Sclnirmcyer '“i Laudaii and others Levin, E La accion 
immediata de la digital sobre cl volumcn de la sangre circulante, Rev Soc argent 
dc biol 11 7o, 1935 Mics, H Ueber die ^^hrlcung des Strophanthm auf die 
zirkuliercnde Blutmengc, Ztschr f Krcislaufforsch 23 460, 1931 

8 (a) Gricsbacli, W Einc klinische brauchbare Methode der Blutmen- 

genbcstimmung, Deutsche med Wchnschr 47 1289, 1921 (1;) Seyderhelm, R, 

and Lampc, W Die Blutmengcnbestimmung und ihre klinische Bedeutung, 
Ergebn d inn Med u Kinderh 27 245, 1925 (c) Heilmeyer, L Das Verhalten 
des Kongorots zu den Scrumkolloiden, zugleich ein methodischer Beitrag zur 
Blutmengenbcstimmung mit Kongorot nach Gnesbach, Biochem Ztschr 212 
430, 1929 (d) Smith, H P Determination of Plasma Volume, J E\per JMed 
51 369, 1930, Blood Volume Studies, Am J Piwsiol 51 221, 1920 (c) Graff, 
S , and Clarke, li T Determination of Plasma Volume, Areh Int Med 48 
808 (Nov ) 1931 if) Uhlenbruck, p , and Lcjendcckcr, T Stufcnpliotometnsche 
Blutplasmamengenbestimmungen bei Herzkranken, Normalpersonen und nach 
sporthchen Anstrengungen, Ztschr f klin Med 118 164, 1931 (ff) Brockmann, 
H Em Beitrag zur Frage der BesUmmvng der zirkuhercndcn Blutmengc beim 
normalcn lebenden Menschen mit der Farbstoff-Injektionsmethode, unter Benutzung 
des Pulfnschcn Stufenphotometers, Ztschr f d ges exper kled 87 20S, 1933 
(/i) Sunderman, F W The Measurement of Serum Volume, J Biol Chem 
109 \ci, 1935 (i) Gregersen, M I , Gibson, J J , and Stead, E A Plasma 
Volume Determination wnth D\cs Errors in Colorimetry, Use of the Blue 
D>c T-1824, Am J Physiol 113 54, 1935 

9 (a) Rciss, E Die refraktometrischc Blutuntersuchung und ihre Ergebmsse 

tur die Physiologic und Pathologic des Menschen, Ergebn d inn Med u Kinderh 
10 613, 1913 (6) Albrecht, C Untersuchungen uber den Wasserwechsel im 

Blut bei kardialen Stauungen, Deutsches Arch f khn Med 171 595, 1931 
(c) Veil, W H Ueber die klinische Bedeutung der Blutkonzentrationsbestim- 
mung, ibid 112 504, 1913, 113 226, 1914, Physiologic und Pathologic des 
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and the concentration of piotein m the plasma The led blood cells 
were studied by the usual counting technic and the plasma protein b\ 
the refiactne index method Since there is considerable experimental 
error in each of these methods, it is not surpiising that the results 
obtained were somewhat contradictoiy Reiss, for instance, found 
the plasma protein concentration low in congestive heart failure, while 
VeiP*^ found it usually noimal or slightly increased Albrecht'’*’ and 
Reiss noticed an appreciable increase m the red blood cell count and 
the plasma piotem concentration in ceitain cases duiing lecoveiy from 
heait failuie, wheieas Veil,'’*’ Nonnenbruch and Beckman*’'’ found 
little if any change 

The puipoSe of this papei is to lepoit a study by moie lefined 
methods of the red blood cell count and the plasma protein concentration 
during recover}’’ fiom congestive heart failure and to point out the 
relation of the obseived changes to the volume of plasma 

METHODS 

Changes in the number of circulating red blood cells were detei mined b\ 
measuring the \olume of packed red blood cells The limit of error in hematocrit 
measurements is definitely smaller than in the ordinary red blood cell count 
Hemoglobin determinations and red blood cell counts were done, in addition, 
on mam of the samples of blood The determinations were made on oxalated 
blood drawn from the antecubital vein, the proper concentrations of potassium 
and ammonium oxalate being added to prevent any change in the size of the 
red blood cells ’■i The plasma protein concentration was measured by the 
macro-Kjeldahl method,^- which is considerably more accurate than refrac- 
tometer methods The albumin-globulin ratio was determined m 4 of the 10 
cases, since its value should remain constant if the changes in plasma piotem 
concentration are due merely to loss of water from the plasma 


RESULTS 

The data obtained from stud) of the red blood cell count, hemo- 
globin concentiation, volume of packed led blood cells and plasma 
piotem concentration for 10 patients recovering from congestne heait 
failure aie tabulated in the accompaining table Patients suffering 
from iheumatic, syphilitic, h}pertensne and arteiioscleiotic heart dis- 
ease weie included in the series The initial detei minations uere made 
on the da) of the patient’s admission to the hospital before treatment 

10 Wintrobe, AI Blood of Normal Young Women Residing m a Sub- 
tiopical Climate, Arch Int IMed 45 287 (Feb) 1930 

11 Wintrobe, A Standardized Technique for the Blood Sedimentation 

Test, Am J Af Sc 189 102, 1935 

12 Peters, J P, and Van Sl\ke D D Quantitatne Clinical Chemistr • 
11 Methods, Baltimore, Williams &. Wilkins Company 1932, p 698 

13 Footnote deleted on proof 
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sis, rales, moderate 
edema enlarged liver, 
tenous pressure, 195 mm 
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51 Syphilitic aortitis rales 
sliglitly enlarged liver, 
moderate edema 

51 nvpcrtcnsion, rales enlarged 
liter moderate edema 


r Hypertension auricular 
fibrillation riles, mod 
crate edema enlarged lit er 
persistent bradycardia t 




- 

# 


o 

Day 

Reading, % 
Hematocrit 

Erythrocyte! 

Slillion 

a 

S 

o 

w 

o 

B 

Protein, Gm 
per 100 Cc 

« 
a H 
EB 

3,0 

S C) 

^3 

1 

44 

50 

100 

52 

00/34 

5 

52 

00 

110 

62 

58/42 

17 

51 





1 

2 

40 

47 

45 

90 

54 


0 

53 

04 

120 

02 


10 

50 





17 

50 



57 


1 

42 

40 

88 

50 


0 

48 

55 

110 

GO 


1 

40 

4 5 

00 

61 


4 

50 

00 

100 

09 


24 


54 

94 



1 

40 

40 

82 

0 3 

47/33 

3 


50 

110 

91 

41/59 

10 

55 





24 

51 

47 

90 

84 

41/59 

1 

48 

53 

lOS 

03 

46/54 

2 

40 





3 

59 

70 

135 

78 

49/51 

4 

01 





5 

01 

78 

135 



0 

02 





9 

5S 





1 

37 

37 

82 

59 


4 

41 

39 

ES 

01 



1 

S3 

77 

54 

4 

45 

90 

00 


1 

38 

4 2 

70 

SI 


2 

39 

4 3 

83 



3 

41 





4 

43 





"y 

43 

48 

04 

5 2* 


1 

44 

50 

100 

52 

00/34 

5 

52 

00 

110 

00 

58/42 

.7 

51 






* 5IaTl.cd ilbuminuria teas noted throughout the patient’s stay in the hospital 
t Ko digitalis was giten becati'e of p»rsistont hndvcardia Urea, calTcinc citrate and 
ammonium chloride aero administered to promote diuresis 
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was started None of the patients had been taking digitalis at the time 
of entry, and all showed signs of failure of both the right and the left 
side of the heart, with moderate to maiked peripheral edema Each 
patient was digitalized immediatel)’- except patient 10, who because of 
persistent bradycardia was not given digitalis None of the patients 
received diuretics (othei than digitalis) except patient 10 (table) 



Cliart 1 (patient 6) — Hemoconcentration during recover} from congestnc 
Iieart failure 

An anal} SIS of the data reAeals a definite rise in the concentration 
of hemoglobin, red blood cell count and plasma protan talue during 
the first few da}s of treatment The change in composition of the 
blood was observed to occur at the time of the diuresis and dis- 
appearance of edema Tlie data for patient 6 are plotted in chart 1 
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and illustrate the magnitude of the change and the lapidity with which 
It may take place in certain cases Chart 2 shows the striking use in 
the concentration of hemoglobin and in the led blood cell count which 
may occur even m spite of venesection The data for patient 10 indicate 
that the same changes m the blood may occur without digitalis therap\ 
the diuresis m this case having been brought about by rest m bed and 
mild diuretics 

Eryfhrocyfes, Volume of 

Millions Days Packed 




Hepatic enlargement * 

^ 1 

Venous pressure mm ha 

210 120 

Fluid intake, c c 100 

575 1200 

Fluid output, c c 0 

1175 515 

Digitalis, Gm 4 

1 2 3 


Chart 2 — Chart showing the increase in the red blood cell count during i eco\ eri 
from congestive heait failure in spite of venesection The venous piessure on the 
second 'day was taken before venesection The fluid output for the second da^ 
includes the amount lemoved by venesection 

COMMENT 

Such maiked rises m hemoglobin value, led blood cell count and 
volume of packed led blood cells occurring within three to six days 
can be explained in only two ways — either the absolute numbei of led 
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blood cells in the circulation must increase, possibh because moie led 
blood cells are washed into the active!} circulating blood stream fiom 
pieMOusl} congested areas, or else the volume of the plasma must 
decrease, causing a concentiation of the cells That the first explanation 
IS inadequate is ob\ious from the fact that there occurs a use in the 
concentration of plasma piotein that is roughl} proportional in the 
majority of cases to the increase in led blood cells An inciease in 
the protein value cannot, of course, be accounted foi b} an} such 
mechanism as that suggested in the first explanation since the piotein 
IS in solution in the plasma The rapid proportionate increase in the 
red blood cell count and the plasma protein value (with the maintenance 
of a relatively constant albumm-globuhn ratio in CAeiy case m which 
this factoi w^as studied) seems to point definitel} to a loss of fluid fiom 
the blood plasma 

That the plasma volume should be increased m congestue heait fail- 
uie and should return to normal duiing recovery seems logical in Mew of 
certain well established facts relating to the pathologic physiolog} of 
cardiac insufificiency Chionic passive congestion of the lungs, which 
IS obseived m neaily all cases of heart failure, is as'^ociated with an 
increase in the volume of blood m the pulmonary vasculai bed as 
evidenced by a decrease m the patient’s vital capacity “ The \ olume 
of blood in the heait and lungs has been showm by Hamilton, ]\Ioore, 
Kinsman and Spurhng to be greatly increased m congestn e failure, 
sometimes by as much as 2,000 cc If the right ventricle as w’’ell as 
the left has failed, the volume of blood m the systemic \enous bed 
hkewuse is increased, as evidenced m the living patient by engoigement 
of superficial veins, increased venous pressure and noticeable enlaige- 
ment of the liver and sometimes of the spleen The large a olume of 
blood transferred to the pulmonary vessels and to the systemic veins 
IS lost to the aiterial circulation, and w^ere the arterial circulation not 
able to compensate for the loss of blood, the patient w^ould soon pass 
into a state of shock As m the case of hemorrhage, how’^e\ei, the 
arterial blood pressure is undoubtedl} maintained temporarih by a 
deciease in the -volume of the arterial vascular bed, brought about b} 
local ^ asoconstriction and more permanently by an increase in the total 
■volume of blood resulting from retention of w^ater m the plasma Just 
as the blood of a patient suffering a laige hemorrhage must become 
diluted, so must the plasma a olume of a patient suftering from con- 
gestive heart failure be increased 

14 Harrison, T R Failure of the Circulation Baltimore, Williams S. 
A ilkins Compain , 1935 

15 Hamilton W F Moore, J X Kinsman, J AI , and Spurhng, R G 
Studies on the Circulation, Am J Plwsiol 99 534, 1932 
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If the water content of the plasma is increased in heart failuie, there 
should be a deciease both in the red blood cell count and m the plasma 
protein concentration Payne and Peters/® and Herimann/^ using the 
most accurate methods of measurement, have reported low plasma pro- 
tein concenti ations in a large series of cases of heart failure The data 
given in the accompanying table also show a definite tendency to^\ard 
low plasma protein values The red blood cell data, however, as well 
as the data reported by Albrecht,®*' Askanasy,®*^ Grawitz and others, 
fail to show abnormally low red blood cell counts in most of the cases 
of congestive failure studied This apparent discrepancy may be 
explained by an mciease in the hemopoietic activit} of the bone marrow, 
which raises the absolute number of red blood cells in the circulation 
and thereb} compensates for the dilution Evidence that the bone mar- 
row may be stimulated is supplied bj'^ the fact that, first, polycythemia 
IS not uncommonly observed in heart failure and, secondl)'', patients 
showing noimal red blood cell counts during heait failure show marked 
polycythemia during recovery (patients 1 to 4, 6 and 10) 

The magnitude of the changes m plasma volume indicated by the 
present study should be emphasized Assuming that patient 6 (chart 1) 
when there was good compensation had a plasma volume of about 2 5 
liters, the observed changes in the blood indicate that the plasma volume 
was approximately 4 liters when he was admitted to the hospital and 
fell roughly 1 5 hteis in forty-eight houis More important still, the 
rise of 1 5 Gm m the plasma protein value during the same period 
causes, according to Govaerts’ data, an increase of 80 mm of water 
m the oncotic pressure of the plasma As one of the most important 
factors in controlling the passage of water between the blood and the 
tissue spaces is the plasma oncotic pressure, the significance of this rise 
at once becomes apparent A rise in the oncotic piessure of this order 
of magnitude undoubtedly plays an important part in the withdrawal 
of edema fluid from the tissues dm mg recovery from heart failure 
and IS a factor which has been almost entirely overlooked in the study 
of cardiac edema 

In conclusion, it should be emphasized that the method used m the 
present study for detecting changes in plasma volume has definite limi- 
tations First, only the grossest change can be demonstrated by the red 

16 Payne, S A, and Peters, J P The Plasma Proteins in Relation to 
Blood Hydration, J Clin Investigation 11 103, 1932 

17 Herrmann, G Some Blood Chemical Findings m Congestive Heart 
Failure Before and After Treatment, South M J 25 934, 1932 

18 Govaerts, P Influence de la teneur du serum en albumines et en globulines 
sur la pression osmotique des proteines et sur la formation des oedemes, Bull 
Acad roy de med de Belgique 7 356, 1927 
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blood cell and plasma protein values For example, m patients ieco\er- 
mg from mild heart failure, especially those with failuie purely of 
the left side of the heart, it is often impossible to detect an appreciable 
change in plasma volume by this method Secondl}^, the method is 
applicable only when the change m ^olume is extremely rapid, taking 
place within a few days When the change occurs slowl} , over weeks or 
months, time is allowed for complicating factors to appear which ma}' 
alter the red blood cell count and plasma piotem concentration directl}, 
making interpretation of the changes in relation to plasma volume 
unieliable Foitunately, a more accurate dye method has recently been 
perfected from which the sources of eiror inherent m the older dye 
methods have been eliminated It is to be hoped that the application of 
this method to the study of cardiac insufficiency will result in more 
accurate data on plasma volume and will lead to a cleaier understand- 
ing of this important phase of the pathologic physiology of congestne 
heait failure 

SUMMARY 

Appreciable increases m the volume of packed led blood cells, hemo- 
globin value, red blood cell count and plasma protein concentration have 
been observed for patients during recovery from severe congestive heart 
failure These changes take place rapidly, within three to six days, 
and are interpreted as indicating a decrease in the volume of plasma 
The possible relation between the deciease in plasma volume and the 
disappearance of cardiac edema is discussed 

19 Gregersen, Gibson and Stead Gibson, J G, Jr, and Evans, W A , Jr 
Clinical Studies of the Blood Volume I Clinical Application of a Method of 
Emploj'ing the Azo Dye “Evans Blue” and the Spectrophotometer, J Chn Investi- 
gation 16 301, 1937 

20 Since this paper was written an excellent study of the changes in the blood 
volume in congestive heart failure by the more accurate d 3 'e method has been 
published, confirming the observations here reported (Gibson, J G, Jr, and Evans, 
W A, Jr Clinical Studies of the Blood Volume III Changes m Blood 
Volume, Venous Pressure and Blood Velocity Rate in Chronic Congestive Heart 
Failure, J Chn Investigation 16 851, 1937) 
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In this, the first leport on this subject to appear in the Archives or 
Internal Medicine, we wish to state the limitations we have imposed 
and the objective which we have set We aie not attempting a detailed 
review of the established knowledge in this field This can be obtained 
from man)^ volumes ^ Nor shall we attempt to quote all the pertinent 
hteiature Abstracts may be found m the current numbers of 
Endocunology and in the excellent annual review written by Elmer 
Sevrmghaus in “The Year Book of Neuiology, Psychiatry and Endo- 
crinology ” ^ The present leport is not being written by oi foi those 
who aie actively engaged in fundamental work in this field Laboiatory 
workers will find it inadequate for their purpose It is not being n i itten 
by or for those who specialize in “endocrinology ” 

Oui aim IS to record the important relations of the anterior lobe of 
the hypophysis for those who, like ourselves, are practicing internal 

’■ From the Division of Medicine, the Mayo Clinic 

1 (a) Allen, E Sex and Internal Secretions A Survey of Recent Research, 

Baltimore, Williams & Wilkins Company, 1932 (&) Kurzrok, R The Endo- 

crines in Obstetrics and Gynecology, Baltimore, Williams & Wilkins Company, 
1937 (c) Mazer, C, and Goldstein, L Clinical Endocrinology of the Female, 

Philadelphia, W B Saunders Company, 1932 (rf) Glandular Physiology and 
Therapy, Chicago, American Medical Association, 1935 (c) Rolleston, H D 

The Endocrine Organs in Health and Disease, with an Historical Review, New 
York, Oxford University Press, 1936 (/) Cameron, A T Recent Advances 
in Endocrinology, ed 1, Philadelphia, P Blakiston’s Son & Co, 1934, ed 3, 
London, J & A Churchill, Ltd , 1936 (p) Van Dyke, H B The Phvsiology 

and Pharmacology of the Pituitary Body, Chicago, Unuersity of Chicago 
Press, 1936 (/i) The Pituitary Gland An Investigation of the Most Recent 

Advances, Association for Research in Nervous and Mental Disease, Baltimore, 
Williams & Wilkins Company, 1938, vol 17 (i) Cold Spring Harbor Symposia 

on Quantitatne Biology, Cold Spring Harbor, Long Island, New York, The 
Biological Laboratory, 1937, vol 5 

2 Sevrmghaus, E L Endocrinology The Year Book of Neurology, Psy- 
chiatry and Endocrinology, Chicago, The Year Book Publishers, Inc , 1937 
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medicine, in the broader sense of the term In doing this we have 
attempted to lefer to onh a few' “ke}” sources fiom which extensne 
hibhogiaphic references ma} be obtained the Inhhograph} for this 
article is theiefore limited 

Most of the hormonal substances wdnch ha\e pioved of value m 
clinical medicine ha\e been obtained from organs such as the pancreas, 
thyrpid gland, sex glands and adienal glands lather than fiom the 
anterior lobe of the hypoph3'’sis, which has an effect on all of them 
Since w'e are discussing onl} the hormones of the anteiioi lobe of the 
hypoph3Sis, we must omit mention of androgens and estiogens and 
certain othei glandular factors Finall3 w'e are repoiting largel3 the 
accepted findings of the lahoiatoi3 The clinical application of these 
findings is incomplete and cannot be judged 

Foi man3 3 ears knowledge of the antenoi lobe of the hypoph3Sis 
was limited to that obtained fiom a stud3'' of its anatomy, histolog3, 
C3'tolog3 and patholog3'’ The C3'tologists taught that there aie thiee 
types of cells chromophobe cells, wdiich have no generall3’’ accepted 
secretoi3' function, eosinophilic cells (a tumoi of wdnch produces 
acromegaly 01 gigantism), and basophilic cells (a tumor of wdnch was 
latei found by Cushing to pioduce the syndiome wdnch cariies Ins 
name) A new' era really began wdien Evans and Long ^ reported then 
work w'lth the growth hormone in 1921 In the intervening seventeen 
3 ears thousands of articles have repoited w'ork on the many hormones, 
leal 01 suspected, which are attributed to the anteiior lobe of the 
hypoph3Sis Separate hormones have been leported to have an effect 
on giow'th, lactation, behavior, blood, pigmentation, metabolism of 
cai boh3 drate, piotem, fat and w'ater, production of ketone bodies, and 
activit3 of the thyroid, paratl^roid, pancreas, adrenal and sex glands — 
and this list is incomplete When incomplete knowdedge of these effects 
leached the eais of some mdiscriminatmg and oveily enthusiastic 
clinicians, there followed the publication of many more “contributions’’ 
to medical hteiatuie It is 01113 within lecent 3eais that a semblance of 
order has developed 

Even now it is not known how' maity hoimones are pioduced b3' the 
antenoi lobe of the 113 poph3'sis, and most certamh the clinical applica- 
tion of most of them is not understood It is inconcenable that two 
secreting cells can pioduce all the hormones which have been icported 
This does not mean that the anteiior lobe of the h3poph3sis does not 
have man3' eifects on the bod3' and its metabolic processes . it indicates 
lathei that these effects probabh will be explained wuth fewer hormones 

3 E^a^s, H M and Long, J A The Effect of Eeeding the Anterior LoLc 
of the Hjpoplnsis on the Oestrous Ode of the Rat A.mt Rec 21 62 (April) 
1921 



162 


ARCHIVES OF INTERNAL MEDICINE 


than are required at present Certain cytologists, notably Rasmussen ^ 
and Aura Sevennghaus,® have offered much help The recent studies 
of Severinghaus considered not only the cytology of pituitary tumors but 
the cytologic changes which are associated with such diseases as hyper- 
tension, nephritis, Addison’s disease, tumors of the brain, diseases 
associated with castration and pregnancy, diseases which follow the 
injection of various preparations containing androgens and estrogens 
and those which follow thyroidectomy and artificial hyperthyroidism 
In the summar}^ he said 

Growth phenomena as seen m acromegaly and m the dwarf mice are unques- 
tionably related to the acidophile cells In pregnancy both the acidophiles and 
basophiles actively secrete They are then jointly concerned with the reproductive 
phenomena involved in the pregnant state Castration, likewise, has its effect on 
both cell types, although the increase of basophiles seems the more prominent 
alteration This increase is associated with greater gonad-stimulating potency, 
and has, therefore, linked the basophile to the production of the hormone involved 
It IS almost certain, however, that two gonad-stimulating hormones are elaborated, 
and there is evidence to indicate that the acidophilc may also be a source of one 
of these Injections of pregnancy urine and of gonadal hormones, likewise, have 
their effect on both granular types of cells, although males and females do not 
respond similarly to all injections This is additional evidence that both cells 
take part in the hypophysial control of gonad activity Thyroidectomy and 
thyroid administration, likewise, affect both granular cells, and in some respects 
these effects are not unlike those produced by disturbances in the gonadal relation- 
ship This not only indicates that we may not jet eliminate either cell type from 
thyroid relationship but it emphasizes the necessity of further study of thjroid 
gonadal relationships and their joint reactions with the anterior hypophj^sis One 
should like to give way to over optimism or enthusiasm and say that with the 
rapid advances of experimental and cytologic researches during the last few 
jears, the time will not be far distant when we can speak with certainty of the 
hormones of the anterior lobe and the cells responsible for their elaboration 
When that day comes, the cytologist, at least, expects that the number of 
anterior lobe hormones will be much fewer than it is today, and that the vary- 
ing responses of the organism will be interpreted as individual reactions to a 
given hormone rather than responses to individual hormones 

THE MAMMOTROPIC OR LACTOGENIC HORMONE 

The rapid advance in knowledge of lactation can be illustrated by 
the statement that any animal equipped with nipples, whether male or 

4 Rasmussen, A T The Proportions of the Various Subdivisions of the 
Normal Adult Human Hypophysis Cerebri and the Relative Number of the Dif- 
ferent Types of Cells in Pars Distalis, with Biometric Evaluation of Age and Sex 
Differences and Special Consideration of Basophilic Invasion into the Infundi- 
bular Process, A Research Nerv & Ment Dis , Proc 17 118-150, 1938 

5 Severinghaus, A E The Cj^ology of the Pituitary Gland, A Research 
Nerv & Mental Dis , Proc 17 69-117, 1938 , Some Aspects of Anterior Lobe 
Function, Suggested by a Cytological Analysis of Experimentally Altered Glands, 
in Cold Spring Harbor Symposia on Quantitative Biology,^* pp 145-150 
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female, can be made to lactate This statement is startling in more 
ways than one, foi it suggests that in the near future fatherhood ma} 
not be so simple’ 

Lactation is not the effect of a single hormone Students of this 
particular problem may disagree with this brief summar}-, but in general 
It may be stated that the process occurs about as follo\\s First the 
breast must be stimulated by estrogen Without this influence no other 
steps are possible Second, in all probability the hormone of the coi pus 
luteum further aids in the development of the breast Nelson ° has 
emphasized the important role of the coipus luteum Lyons’" some- 
what conflicting opinions can be found in bis recent summary Third, 
the lactogenic hormone initiates lactation , lactation is impossible without 
this stimulus 

Thus, in the human being development of the bieast never occurs 
until the Ovanes are functioning Piecocious development of the bi easts 
alwa3^s indicates the presence of prematurely functioning ovaries 
Changes which occur in the breasts during mensti nation are further 
evidence of the close relation which exists between the pituitary body, 
the ovaries and the breasts Duiing pregnancy a large amount of 
estiogen is pioduced, this inci eases the development of the breasts and 
opposes the production of the lactogenic hormone by the pituitaiy body 
The sudden loss of estrogen when the placenta is expelled leleases the 
lactogenic hormone, and lactation is initiated 

No one knows how many other glands may be indiiectl} concerned 
with the physiology of lactation Nelson and Gaunt ® have enlaiged on 
their oiiginal observation that the lactogenic hormone alone cannot 
initiate lactation in a hypophysectomized guinea pig, it must be com- 
bined with the hormone of the adienal cortex Any studies of the 
relation of the adrenal glands to the development of the breast and 
lactation are of inteiest to those physicians who are often puzzled b} 
tbe changes in tbe breasts that occur in association with tumors of the 
adienal glands 

Riddle and Bates” and their associates at Cold Spring Haibor have 

6 Nelson, W O Studies on the Ph 3 'siologj of Lactation IV The Assaj" 
of the Lactogenic Hormone of the Anterior poph\ sis, Anat Rec 60 69-76 
(^iig) 1934 

7 Lj'ons, W R The Preparation and Assa^ of Alammotropin, in Cold 
Spring Harbor Symposia on Quantitatne Biolog 3 %ii pp 198-209 

8 Nelson, W O, and Gaunt, R Initiation of Lactation in the Hjpopln'sec- 
tomized Guinea Pig Proc Soc Exper Biol &. Med 34 671-673 (June) 1936, 
The Adrenals and Pituitary in Initiation of Lactation, ibid 36 136-138 (Iilarch) 
1937 

9 Riddle, O , and Bates, R W Prolactin, A Research Ner\ S. Iiicnt Dis , 
Proc 17 287-297, 1938 Riddle, O Plusiological Responses to Prolactin, in 
Cold Spring Harbor Sjmposia on Quantitatne Biolog\,^5 pp 218-228 
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studied the lactogenic hoimoiie foi many yeais, and then list of achieve- 
ments IS impiessive In two lecent ai tides Riddle reviewed his changing 
conceptions legarding this hoimone Originally, it was assumed to have 
only lactogenic and crop sac-stimulating eftects Now it is suggested 
that this hoimone is concerned also with inci easing the basal metabolic 
rate that it has an “antigonad” action, that it generates the blooding 
instinct in fowl and seems capable of inducing mateinal behavioi m 
viigin lats, that it produces splanchnomegaha and increases bodilj 
growth and that it is concerned with the metabolism of carboh} drate and 
fat Needless to say, such a conception has aioused contioveis}, par- 
ticulaily when it laises doubts regaiding the existence of the oldest and 
best established hormone, the giowth hormone Riddle expressed the 
opinion that too many hoimones have been suggested He said 

Much confusion has arisen in the field of pituitary phvsiology because too 
often It has been assumed that a newlv observed response means a nev pituitirj 
hormone, and theieafter, instead of speaking of this response, the name ot an 
alleged hormone has been used In our opinion very few anterior lobe hormones 
have been adequately established, though it is granted that hereafter others nia\ 
attain that status But to date our diligence has been rewarded with no opportunit\ 
to examine a physiologically active preparation from anterior pituitarj tissue 
(excluding intermedin) which did not contain effectne amounts of follicle stimu- 
lating hormone, thyrotropic hormone, or piolactm, if adrenotropin is an entitj, it 
probablj could be added to this list 

The opinion of a disinterested obseivei might be that Riddle has not 
eliminated the confusion attendant on multiple hormones , he has simpl} 
transferied all the confusion to one hoimone, the lactogenic hoimone 
Some of this confusion may be cleaied since White, Catchpole and 
Long have announced that by following the method of Lj^ons they have 
pioduced a crystalline protein fiom the pituitai} body and that this 
piotein possesses “high lactogenic activity” This is the hist lepoit ot 
the Cl ystalhzation of any honnone of the anterioi lobe of the hypoph}sis 
The hteiatuie legaiding the clinical application of this hoimone 
is not impiessive Most reports aie valueless Kurziok and his 
associates,’^^ who adininistei ed a piepaiation contaming the lactogenic 
hormone to 29 patients whose supply of milk was inadequate, noted an 
increased production of milk m 25 instances 

Lyons has described a method for assaying the amount of lactation- 
stimulating piinciple by the simple method of injecting unconcentrated 

10 White, A , Catchpole, H R, and Long, C N H Crystalline Piotein 
with High Lactogenic Activity, Science 86 82-83 (July 23) 1937 

11 Kurzrok, R , Bates, R W , Riddle, O , and Miller, E G , Jr The Clun- 
eal Use of Prolactin, Endocrinology 18 18-19 (Jan -Feb ) 1934 

12 Lyons, W R Preparation and Assay of Mammotropic Hormone Proc 
Soc Exper Biol & Med 35 645-648 (Jan ) 1937 
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urine subcutaneous!} into pigeons and obseiving the eftcct on the crop 
glands It IS to be hoped that this test will leceive wide, clinical tnal 
The patient’s urine should be subjected to this test before it is con- 
cluded that the insufficienc} of the supph of milk is due to a deficienc} 
of lactogenic hormone 

THE DIABETOGENIC HORMONE 

Ph} sicians who treat large numbers of diabetic patients are impi essed 
with the difterent forms of the disease Diabetes m a child may appear 
suddenly, ma} be severe and may be difficult to control The mild 
diabetes which may be noted in the child’s grandfathei is as diffeient 
as if it were an entirely different disease, yet both patients have diabetes 
The diabetes which sometimes is associated with ceiebral hemorihage 
responds to the same treatment as does aii} other type of diabetes 

These differences and the association of diabetes with diseases of 
other endocrine glands have led many physicians to believe that diabetes 
may have multiple etiologic factors Others believe m a unitanan cause, 
the lack of insulin, this belief has been lecently reviewed by Wilder 

The frequent association of diabetes and acromegaly has focused 
attention on the anterior lobe of the hypophysis (We shall not consider 
the posteiior lobe, although the hyperglycemic effect of pitressin is w^ell 
known! ) The investigatoi wdio more than any other has conti ibuted 
to the knowdedge of the relation of the anterior lobe of the hypophysis to 
carbohydrate metabolism is B A Houssay, professor of physiology 
at the University of Buenos Aires He and his associates have reported 
m numerous papers the exhaustive work in progress in his laboiatoi} 
He has reported on this w^oik m English in tw'o rathei recent articles 
In the more recent of these he related his observations on the pituitar}- 
cai boh} drate relation to the wffiole problem of diabetes He discussed 
the important correlation of many endocrine glands in carbohydrate 
metabolism — pituitary body, pancreas, adrenal glands (both the cortex 
and the medulla), th}roid gland and gonads 

His owm contributions to the study of the important role of the 
anterioi lobe of the hypophysis were given in more detail in the Dunham 
Lectures, delivered at Harvard University in 1935 He sumniaiized 
Ins findings by stating 

Our experimental work has shown (1) In the absence of the piUntar\ for of 
the anterior lobe) pancreatic and phlorizin diabetes is attenuated and animals 
letam and consume glucose (2) Anterior pituitary lobe extract counteracts 

13 "Wilder R The Etiolog\ of Diabetes, J Med 18 275-282 ( A.ug ) 

1937 

14 Hous‘:a\, B A Diabetes as a Disturbance of Endocrine Regulation, \m 
J M Sc 193 581-606 (MaA) 1937, Carboln drate I^fetabohsm, Xew England J 
Med 214 971-986 (Ma> 14) 1936 
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the action of insulin, increases pancreatic and phlorizin diabetes (3) 

Anterior pituitary extract can produce diabetes in normal mammals (4) When 
the pituitary is absent there is a tendency to hypoglycemia, hypersensitivity to 
insulin and other hypoglycemic agents 

It IS impossible to discuss Houssay’s woik without mentioning’ the 
work of Long and Lukens, a complete report of which is to be found 
m the Harvey Lectures of 1937 The relation of the adrenal glands 
to carbohydiate metabolism is not propeily a part of our subject, but 
brief mention of this relation must be made Long and Lukens demon- 
strated that removal of the adienal cortex was followed by changes m 
the metabolism of carbohydrate which are every bit as striking as those 
produced by hypopl^sectomy and are similar m many respects Fuither- 
more, they demonstrated that in the absence of the adrenal cortex there 
was no diabetogenic effect after the injection of anterior pituitaiy 
extracts Their reports have led to an interesting exchange of opinions 
with Houssay A dismteiested observer is impressed with the excellent 
work of both laboi atones Theie can be no doubt of the importance 
of the adrenal cortex m the intricate metabolism of carbohydrate Long 
has finally been able to answer the last criticism of his work by producing 
hypeiglycemia with an extract of the adrenal cortex that was supplied 
by Kendall It is regiettable that space prevents a more detailed 
summary of the work of Houssay and of Long and Lukens 

A most complete summary of this entne problem by one who is 
strictly impartial recently appeared In this article Russell discussed 
not only the findings of workers m this field but the theories behind 
such findings In her summary she said 

Two principal theories have been advanced in explanation of these and related 
findings — one, that the anterior lobe controls gluconeogenesis from endogenous 
protein, if not from fat, administration of its extract causing an increase in 
available glucose and its removal curtailing the supply , the other theory, that 
the anterior lobe influences carbohydrate oxidation itself, its presence preventing 
carbohydrate loss below certain levels and its absence characterized by lack of 
restraint on carbohydrate oxidation under conditions when such would ordinarily 
occur Although this reviewer inclines to the latter explanation, at present it is 
not possible to make a final decision as to the validity or completeness of either 
of these theories 

The final reference is to work which is of far i caching importance 
Young has been able to produce permanent diabetes in dogs after 

15 Long, C N H The Influence of the Pituitary and Adrenal Glands upon 
Pancreatic Diabetes, in Harvey Lectures, 1936-1937, Baltimore, Williams & Wil- 
kins Companjf, 1937, pp 194-228, Medicine 16 215-247 (Sept) 1937 

16 Russell, J A The Relation of the Anterior Pituitary to Carboh>drate 
Metabolism, Physiol Rev 18 1-27 (Jan ) 1938 

17 Young, F G Permanent Experimental Diabetes Produced by Pituitar 3 
(Anterior Lobe) Injections, Lancet 2 372-374 (Aug 14) 1937 
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injection of an anterior pituitary extract Recent confirmation of this 
work \vas leported by Campbell and Best/® who said 

After the report by F G Young that what appeared to be a permanent diabetes 
may be produced m dogs by tiie mtraperitoneal injection of certain extracts of 
the anterior pituitary gland, similar experiments w'ere initiated m this department 
Our findings are in accord wuth those reported b 3 Young Some of the animals 
failed to respond, m that diabetes did not appear In one, a mild but constant 
gljcosuria persisted after discontinuing the injections of the extract, in another, 
the sugar excretion w'as most irregular In a third, an intense gbcosuria per- 
sisted for a prolonged period and showed no signs of abatement This animal 
w'as no more resistant to insulin than the average depancreatized dog The findings 
with regard to the sugar excretion and sensitnity to insulin wull be reported 
111 some detail 

The importance of this accomplishment to clinical medicine is obvious, 
foi theie are many hypoglycemic states which conceivably may be due 
to a lack of the diabetogenic or “blood sugar raising” principle At 
piesent no such extiact is available for clinical tiial 

Study of the diabetogenic hormone is interesting and important, but 
It should not encourage any one to abandon the accepted and successful 
methods of treating diabetes melhtus One physician who has been 
treating diabetes and h}pertension by the application of roentgen rays 
to the pituitary body concluded an article by saying “There is so little 
evidence to support the pancreatic theory of diabetes that it should be 
discaided ” Further comment is unnecessary 

HORMONES ArrECTING THE METABOLISM OF PROTEIN AND FAT 

No special discussion wall be made of these “hoimones,” for there 
IS insufficient evidence that individual hormones of this type exist It 
IS tiue that during the course of studies wdiich have been referred to 
theie IS ample evidence of an effect not only on the metabolism of carbo- 
hjdrate but on the metabolism of protein and fat as well It does not 
logically follow that this indicates the effect of a specific hormone The 
numerous papers of Anselmino and Hoffman, in wdiich they reported 
the isolation of many specific metabolic hormones, including a fat 
metabolism or ketogenic hoimone, have not received general confirma- 
tion Thomson has review'^ed the work on the ketogenic hormone 
which was done in the laborator}^ He expressed the opinion that much 
of It w ill need repetition 

18 Campbell, J , and Best, C H Prolonged Diabetes After Administration 
•of Extracts of the Anterior Pituitarj Gland, paper presented at the meeting of the 
American Phjsiological Societ}, jMarch 30-Apnl 2, 1938 

19 Thomson, D L The Anterior Pituitarj and the Metabolism of Acetone 
Bodies, A Research Ner\ & ^lent Dis , Proc 17 257-267, 1938 
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THYROTROPIC HORMONE 

The elevation of the basal metabolic rate m cases of acromegaly and 
its depression m cases of pituitary insufficiency have for some time 
suggested the piesence of some hormone of the anterioi lobe of the 
hypophysis which has an effect on and through the thyroid gland It 
was hoped that such a hormone -would be of value in treating certain 
patients wdio have low basal metabolic rates with or without myxedema 
A review of the hteiature does not disclose the fulfilment of this hope 
Scowen has published an excellent article m which he proved for 
human beings what had been found true m experiments on animals — 
that the thyrotropic hormone can be expected to be of value only when 
the thyroid gland is normal and that it is therefore of no clinical value 
in cases of myxedema Thyroid is, and probably will remain, the most 
effective, most easily administered and cheapest form of medicament for 
this disease Scowen described the elevation of the basal metabolic rate 
111 normal peisons after the injection of a pituitary preparation contain- 
ing the thyrotropic hormone and reported his ability to raise the basal 
metabolic rate of patients whose low rate he suspected ivas due to lack 
of thyiotiopic hormone When Collip and Anderson-^ announced the 
production of an antithyrotropic serum, further hope was expiessed that 
this substance might be of help m treating patients suffering from hyper- 
thyroidism This hope also has remained unfulfilled 

Uhlenhuth -- has written a thorough review of the observations made 
by him and others on the relation of the thyrotropic hormone to the 
cytology of the thyroid gland This paper, awarded the Van Meter 
Prize by the American Association for the Study of Goiter, reported 
some interesting studies Starr and Rawson have described a quanti- 
tative method of measuring the effect of the thyrotropic hormone (the 
preparation administered was antuitrin-T) by measurement of the height 
of the acinar cells of the thyroid gland 

20 Scowen, E F Effects of the Thj rotropic Hormone of the Anterior 
Pituitary in Man, Lancet 2 799-802 (Oct 2) 1937 

21 Collip, J B , and Anderson, E M The Production of Serum Inhibitory 
to the Thyrotropic Hormone, Lancet 1 76-78 (Jan 13) 1934, Studies on the 
Thyrotropic Hormone of the Anterior Pituitary, JAMA 104 965-969 
(March 23) 1935 

22 Uhlenhuth, E The Thyreoactivator Hormone Its Isolation from the 
Anterior Lobe of the Bovine Pituitary Gland and Its Effects on the Thjroid 
Gland, Ann Int Med 10 1459-1486 (April) 1937, Tr Am A Study of Goiter, 
1936, pp 25-50 

23 Starr, P, and Rawson, R W A Graphic Representation of Th\roid 
Response to Stimulation by Thyrotropic Hormone, Proc Soc Exper Biol & Med 
35 603-605 (Jan) 1937 Rawson, R W, and Starr, P Direct Measurement 
of Height of the Thyroid Epithelium A Method of Assay of Thyrotropic Sub- 
stance, Clinical Application, Arch Int Med 61 726-738 (May) 1938 
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The opportunity to measure, b} this or other methods, the amount 
of thyrotropic hormone A\hich is present m different metabolic condi- 
tions should produce some interesting data It is hoped that such studies 
ma} prove of help in the management of such puzzling conditions a= 
the exophthalmos vhich progi esses after th\ roidectoiu} , recurrent 
exophthalmic goiter and a low basal metabolic state A\ithout imxedema 

P \RATH\ROTROFIC HORMONE 

Not much IS being vritten about this hormone theie aie mam who 
doubt the existence of a specific parathyrotropic hormone Riddle and 
Dotti -* performed some interesting experiments wdiich seemed to thiow 
doubt on the existence of a specific parathyrotropic hormone but w Inch 
indicated some hormonal control of calcium metabolism Thev found 
that the prolonged administration of an adequate amount of gonadotropic 
substance caused an mciease in the amount of calcium in the seium of 
normal, hypophysectomized or thyroidectomized pigeons but did not 
have this effect w^hen injected into castrated pigeons 

THE ADRENOTROPIC HORMONE 

There really is not much to be said about this hoimone, if it is a 
separate hormone It is knowm only that the adrenal glands, m common 
wnth all other glands of internal secretion, undergo atrophy aftei 
hypophysectomy and that they can be somew'hat restored b} the injection 
of “adrenotropic hormone,” which may or ma}^ not be related to the 
lactogenic hormone Until purification, if possible, is complete, this 
hormone cannot be studied pioperly either m animals oi in man 
Gaunt has review^ed this subject It is evident that further work should 
include a detailed study of the effect of this hormone on the metabolism 
of the blood electi ol} tes, which are so typicall} abnormal m most cases 
of Addison’s disease 

THE ANTERIOR LOBE OE THE HYPOPHYSIS AND WL\TER 

metabolism 

The important relation between the posterior lobe of the Inpophysis 
and w’^ater metabolism has long been knowm and has received wnde clinical 
application m the use of pitressin m the treatment of diabetes insipidus 
At the Institute of Neurolog} of Northwestern Universit} Medical 
School, Ranson and his associates have done outstanding work m stud}- 
mg expel imentalh induced diabetes insipidus The results of this work 

24 Riddle O and Dotti, L B Blood Calcium in Relation to Anterior 
Ritiiitar} and Sex Hormones, Science 84 557-559 (Dec 18) 1936 

25 Gaunt, R Tlie Adrenal-Pituitari. Relationship, in Cold Sprint Harbor 
‘'\mposa on Quantitatue Biologj pp 395-404 
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have recently been published -® A summaiy may be found m Ingiam’s 
article The important hypothalamic mechanisms which affect water 
metabolism are described 

Richter has leviewed his studies on water metabolism, which have 
centeied about the role of the anterior lobe of the hypophysis in the 
production of diabetes insipidus He found that the only way permanent 
diabetes insipidus can be produced is by allowing the anteiior lobe of 
the hypophysis to remain His summaiy was as follows 

1 In the lat, production of diabetes insipidus depends on the removal of 
the anti-diuretic hormone, pituitnn, secreted by the posterior lobe 

2 The syndrome can be produced (1) by total hypophysectomy , (2) b\ stalk 
section near the brain, (3) by posterior lobectomy 

3 The permanency of the symptoms depends on the presence of anterior lobe 
tissue and the maintenance of normal metabolism The sjmptoms are never 
permanent when all anterior lobe tissue is removed 

4 The role played b}' the intermediate lobe has not been definitely determined 

5 Polyuria is primarj , pohdipsia secondary 

6 The maximum diuresis of diabetes insipidus is as great as the maximum 
diuresis produced by forcing fluids It is limited probably by the maximum 
capacity of the kidneys 

It can be concluded that production of diabetes insipidus depends on the 
removal of the secretion from the posterior lobe and possibly the intermediate 
lobe The removal of this hormone which normally controls the secretion of 
urine, causes a marked diuresis This resulting dehydration in time produces drying 
of all membranes including those of the throat, which gives rise to an increased 
thirst, and an increased water intake The permanency of the increase of urine 
output and water-intake is dependent on the maintenance of normal metabolism 
as governed by secretion from the anterior lobe 

This work was confirmed in its essential details by Penchaiz, Hoppei 
and Rynearson 


THE GONADOTROPIC HORMONES 

A few years ago rapid advances were made in the knowledge of 
the relation of the anterior lobe of the hypophysis to the sex glands 

26 Fisher, C , Ingram, W R , and Ranson, S W Diabetes Insipidus and 
the Neuro-Hormonal Control of Water Balance A Contribution to the Structure 
and Function of the Hypothalamico-Hypophyseal System, Ann Arbor, Mich , 
Edwards Brothers, Inc , 1938 

27 Ingram, W R The Relation of the Hypophysis and Associated Hypo- 
thalamic Mechanisms to Water Exchange, in Cold Spring Harbor Symposia on 
Quantitativ^e Biology,i* pp 381-394 

28 Richter, C P The Pituitary Gland in Relation to Water Exchange, A 
Research Nerv & Ment Dis , Proc 17 392-409, 1938 

29 Pencharz, R I , Hopper, J , Jr , and Rynearson, E H Water Metabolism 
of the Rat Following Removal of the Anterior Lobe of the Hypophysis, Proc 
Soc Exper Biol & Med 34 14-17 (Feb ) 1936 
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Briefly, knowledge A\as obtained of at least two gonadotropic hormones 
— one which w^as believed to be pnmaril}' follicle stimulating and one 
w^hich was piimarily luteinizing A third hormone, a S3mergist, was 
described but is now'- rarely mentioned The teim s}neigism continues 
to apply, however, to the action wdiich follow's the injection of botli the 
folhcle-stimulating and the luteinizing fi action 

Equally serious study w'as given to hormones obtainable fiom the 
blood and urine of human beings and animals Again, two hormones 
were found One had a f olhcle-stimulating efifect , it w'as easily obtained 
from the urine of castrated persons and of w'omen past the menopause 
and IS even now believed to be a tiue pituitaiy hormone The othei, 
obtained from the urine of pregnant w'omen, from the placenta and 
from the blood of pregnant mares, had a luteinizing effect, and wdnle 
originall}'- it w’-as believed to have its origin in the pituitar} body, it w as 
soon proved to be a product of the chorionic villi 

At about the same time, rapid advances w'-ere being made in studying 
the hormones of both the male and the female sex glands Physicians 
then had prepaiations containing both pituitary and sex gland hormones 
for clinical trial, and the medical literature of that peiiod records the 
beginning of the hectic race which was run, with both laboratory w'orkers 
and clinicians competing The offfcials of pharmaceutic houses w'ere 
at their wnts’ ends Here w’-as a new' field, and they w'ere not going 
to be “left out ” And so with laboratory w'orkers competing for prioiity 
and with clinicians injecting large quantities of hormonal preparations 
of one type or another into patients suffering from a variet)'- of con- 
ditions, the race was on It is not over yet, but at least some laboratory 
workers and climcians aie beginning to slow' dow'ii a little so as to catch 
their “second w'lnd” and see how' far they have come 

The volumes mentioned at the beginning of this aiticle contain much 
helpful material, particulaily the most recent publications The best 
w'ork, from the standpoint of its clinical value, lies in the field of the 
male and female sex glands and is not a part of this subject 

The “sex hormones” of the anterior lobe of the hypophysis aie still 
believed to be the folhcle-stimulatmg hoimone (w'hich also affects the 
germinal cells in the male) and the luteinizing hormone (wdiich also 
affects the interstitial cells and the accessor} sex glands in the male) 
Fevold,^° w'ho has done outstanding work m this field, has renewed 
the subject and has defended the belief that there are two hormones 
This defense has been necessar} because of the belief m some quarters 
that there is only one gonadotiopic hormone that the different effects 
leported for the two hormones represent a quantitative and not a quah- 

30 Hisaw, F L , Fe\old, H L, and Creep, R O The Pituitarv Gonado- 
tropic Hormones, A Research Xer\ & Ment Dis Proc 17 247-256 1938 
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tative difference and that if enough follicle-stimulating hoiinone is given, 
lutemization will follow It is too early to evaluate the recent announce- 
ment by Evans, Simpson and Pencharz of a third hormone, “the 
interstitial cell-stimulating hormone ” 

Whether there are one, two or three pituitary gonadotropic hoi mones, 
the fact remains that none of them has been given an adequate clinical 
trial By this we mean that there is, at present, no available commercial 
pieparation which can be lecommended as containing uncontammated 
gonadotropic hormones Our authorities are Fevold and Fluhmann 
If one does not have the hormone, then surely one cannot test it, yet 
there are numerous articles reporting tre 9 ,tment with “pituitar}'^ gonado- 
tropic hormones” Of course what is usuall}' meant by this teim is a 
“pituitary-like gonadotropic substance” obtained from the urine, blood 
or placenta of pregnant women or animals As stated previousl}, this 
is not of pituitary origin We shall appreciate correction, but we are 
not familiar with any commercial preparation of the gonadotropic sub- 
stance in the urine of castrated subjects or of women who are past the 
menopause, which, as mentioned before, is almost certainly of pituitary 
origin 

Therefore, at this “lull in the race” we should like to suggest that 
if clinicians are to be expected to test pituitary gonadotropic hormones, 
they should be given some pure ones to use and that until the} have 
them they cease reporting results in which they use this term This 
statement does not mean that hormonal preparations obtained from othei 
sources are not of value and should not be used , it is simply a plea for 
more accurate description of the material used The “chorionic hormone” 
is of value in many conditions , it is not a pituitary hormone 

We cannot discuss here the many important uses of the gonadotiopic 
hormones, except to make a plea that conservatism be used in this field 
as well A few yeais ago the literature was crowded with reports of 
“100 per cent cure” of this and that It simply was not so Nothing 
IS 100 per cent, and when some one reports descent of the testes within 
twenty minutes of the time of injection of the hormonal prepaiation 
it means one thing only — that the testes were not “undescended” in the 
first place Such conservative reports as those published m a symposium 

31 Evans, H M , Simpson, M E , and Pencharz, R I An Anterior Pituitarj 
Gonadotropic Fraction (ICSH) Specifically Stimulating the Interstitial Tissue 
of Testis and Ovary, in Cold Spring Harbor Symposia on Quantitative Biolog\,i> 
pp 229-240 

32 Fevold, H L The Gonadotropic Hormones, in Cold Spring Harbor 
Symposia on Quantitative Biology,^* pp 93-103 

33 Fluhmann, C F Biologic Differences Between Anterior Pituitarv Se\ 
Hormones and Gonadotropic Substances from Pregnant Women, A Research 
Nerv &. Ment Dis , Proc 17 350-360, 1938 
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m 1937®'^ should be reread Less well considered material should not 
be published 

THE GROW TH HORMONE 

The grow th hormone is being discussed last because it w as disco\ ei ed 
first because it is the only pituitar}- hormone which has recen ed 
extensne clinical trial and because its ver} existence recentl} has been 
questioned Riddle as mentioned m the discussion of lactogenic hoi - 
mone stated the opinion that there is no growth hormone and that the 
growth eitect is produced b} a combination of lactogenic and th\iotropic 
hormones His presentation of this conception has already been 
refeired to 

Evans has presented his answ er and many ph} sicians w ill w ish 
to read his spirited reply in its entiret}' Theie is space for onl} two 
quotations 

I now propose to test in fi^e different wa>s the concept that the growth 
hormone is mereh a mixture in certain proportions of lactogenic and tlnrotropic 
hormones 

1 Growth hormone has been prepared remarkabh high in its growth pro- 
moting ^alues and remarkably low in the aboie hormones 

2 A ier\ considerable number of Inpoplwseal extracts containing recognizable 
amounts of lactogenic and th^rotroplc hormones ha\e been studied with reference 
to the growth produced bj them and to the quantitatne relations of these two 
hormones The growth effect cannot be showm to run parallel wnth the content 
of lactogenic and tlnrotropic hormones or with am ratio between these two 

3 Combinations of tin rotropic and lactogenic hormones in the amounts actualh 
present in impure but potent growth extracts produce onh minimal, if an\, 
growth effects on h} popln sectiomized mammals 

4 Tlnrotropic and lactogenic extracts containing low but recognizable amounts 
of growth hormone ha^e been administered at such high le\els as to produce 

34 Frank R T Goldberger, M A , Salmon, U J , and Felshin, G 
Amenorrhea Its Causation and Treatment, J A M A 109 1863-1869 (Dec 4) 
1937 Burch, J C , McClellan, G S , Simpson, J W , Johnson, C D and 
Ellison, E T The Treatment of ^Menorrhagia and Aletrorrhagia by Endocrine 
Products ibid 109 1869-1871 (Dec 4 ) 1937 Litzenberg, J C The Endo- 
crines in Relation to Sterilitj and Abortion, ibid 109 1871-1873 (Dec 4 ) 1937 
Lewis R M and Adler, E L Endocrine Treatment of Vaginitis of Children 
and of Women After the ^lenopause, ibid 109 1873-1875 (Dec 4 ) 1937 Pratt 
J P, and Thomas, W L The Endocrine Treatment of Alenopausal Phenomena, 
ibid 109 1875-1877 (Dec 4 ) 1937 Abstract of discussion on papers b\ Frank 
and others, Burch and others, Litzenberg, Lewis and Adler, and Pratt and 
Thomas ibid 109 1877-1880 (Dec 4 ) 1937 

35 Riddle O Physiological Responses to Prolactin, in Cold Spring Har- 
bor SATiiposia on Quantitatne Biolog\,i^ pp 218-228 

36 E\ans, H The Ha popln seal Growth Hormone — Its Separation from 

the Hormones Stimulating the TInroid, Gonads, Adrenal Cortex and !Mammar\ 
Glands A Research Xerv &: Alent Dis Proc 17 175-192, 1938 
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flight growth Under these circumstances, a synergic action on growth of the 
two hormones, when administered together, could not be demonstrated 

S Not only does the claimed synergism not exist, but there is no sound 
biological ground for belief in the necessity of the lactogenic and thjTOtropic 
1 ormones for the growth process Lactogenic preparations have now been pre- 
pared in our laboratorj’’ free of growth effects at exceedingly high levels , nor 
does the growth process demand thyrotropic hormone, indeed the thyroid itself 
may be removed, as well as the hypophysis, and excellent growth will result 
when growth hormone is administered to such thyroidectomized-hj^pophysectomized 
animals 

In conclusion, let me repeat the assertion of my friend. Dr Oscar Riddle, 
“Though the concept of a growth hormone as an individual entity has been use- 
ful, It does not seem to be true ” I trust that I have brought the facts we 
actually possess into better consonance with the demands of a “scientific con- 
science” by substituting for this assertion the following statements 

No known mixtures of the other recognized and specific hormones of the 
hypophysis have as yet produced the phenomenon of general body growth so 
leadily evoked bj' certain pituitaiy extracts Mixtures of two particular hormones 
which have been declared to be responsible unquestionably do not do so Growth 
extracts have been produced which impart a maximal growth stimulus at levels 
exerting no other observable effect on specific organs such as the thyroid, 
adrenal, mammary glands and gonads At very high levels of administration, the 
thyrotropic, adrenotropic, mammotropic and gonadotropic hormones are eventually 
demonstrable These hormones are, however, quantitatively at levels which make 
It wholly improbable that they play an essential role in invoking growth or in 
determining the degree of growth Yet even if a role were established for them, 
the facts as we now know them could not invalidate the conception of a growth 
hormone They would have no more significance than the well known need of the 
body, for instance, for adequate quantities of certain vitamins for growth to 
lesult No amount of these vitamins will reestablish growth in an otherwise 
untreated h 3 'pophysectomized animal Neither can such a creature grow with 
massive quantities of growth hormone if the essential vntamins be withdrawn 
from its diet The number of extrinsic factors essential for growth is multiple 
It IS conceivable but not established that there is similar need for several intrinsic 
factors There is indubitablj' one essential intrinsic factor — the endocrine substance 
known as the hypophyseal growth hormone 

In the discussion of this paper Riddle refeired to additional studies 
which he felt that Evans had overlooked and which he believed offeied 
convincing evidence that growth is produced by a combination of lacto- 
genic and thyrotropic hormones He then said 

Of course, the existence of an individual growth hormone would be very 
simply indicated if Dr Evans could hand us a preparation of “growth hormone,” 
with proved capacity to make various suitable animals grow, and which has 
neither lactogenic, adrenotropic nor thyrotropic substance in it (the presence of 
gonad-stimulating hormone would be of little consequence) Then perhaps 
tomorrow I could say, “Yes, growth hormone it is” Hitherto no one has presented 
us with such material 

To a “sideline observer” this discussion promises to be interesting 
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There is no doubt that extracts containing the gro\\ th hormone ha^ e 
had an effect when injected into patients classified as “pituitary dwarfs ” 
(As mentioned earlier, the growth hormone is the only pituitar}" hormone 
with which clinicians have had any considerable experience ) While 
It IS true that it will add height to ceitain young dwarfs, there is no 
authenticated case on record m which a dwarf has ever been restored 
to normal height by the injection of an)^ preparation of this hormone 
j’-et available 

ANTIHORMONES 

The last statement leads to a biief discussion of antihormones It 
must be brief, foi Collip,®" who first announced the presence of anti- 
hormones, has reMewed what is knowm of the entire subject m but four 
pages He said, m mtioduction 

I wish it were possible m this communication to give a final answer to the 
vexed question as to the exact nature and significance of the anti-hormones 
Unfortunately it is impossible for me to do this, so I must be content with an 
expression of a point of view, together with a review of the recent literature 
on the subject I feel that the anti-hormone theory as presented in Alarch, 1934, 

has been entirely justified It has been a strong directing force of the work 

in my ow'n laboratorj’’ and it has been, like all theories that have been of value, 
a challenge to workers to devise and carr 3 '^ out experiments designed to verify 
or disprove them 

Are the anti-hormones present in the blood and tissues of normal animals 
or are they reaction products resultant to the parenteral administration of hormone- 
containing extracts^ When the correct answ'er to this question has been obtained, 
the problem of the anti-hormone will have been solved in large measure 

The fact that inhibition of certain hormone reactions has been obtained in 
experimental test animals treated w'lth the serum of certain patients is very 

strong evidence that the anti-hormone so demonstrated has occurred spontaneously 
in these individuals 

It must be emphasized, however, that there are man}'’ pitfalls in such tests 
Inhibition of a certain hormone effect wa} be nonspecific The effect of the 
inhibitory substance may be greath’’ modified by the method of administration In 
general it is best that the hormone and the suspected antagonist be mixed in vivo 
and not in vitro, the injections should be made separately and at different sites, 
adequate control wuth hormone treatment onl}'^ and inhibiting agent onlj should 
be run 

Most of the critics of his conception of antihormones have felt that 
the antihormones are simply ordinary antibodies Of this he said 

That true antibodies are formed in most instances in w'hich animals are 
treated chronically w’lth anterior lobe extracts containing protein which must be 
foreign, since the extracts are of necessit}"^ in most cases made from the glands 
of another species, has been proved abundantly I am, however, firmh convinced 
that the inhibition of either the gonadotropic or of the thyrotropic hormone by 

37 Colhp, J B Anti-Hormones, A Research Nerv &: Ment Dis , Proc 17 
268-275, 1938 
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the serum of animals rendered resistant to these hormones b}' prolonged treat- 
ment with unphjsiologic doses is due to the presence of a true antagonizing 
hormone in addition to the true serological immune substance 


CONCLUSIONS 

Physicians who attempt to maintain a conseivative and ciitical 
appioach to medicine have long been disturbed by two things First, 
then friends in the laboi atones have seemed able to do marvelous things 
with the administiation of various extracts to animals, and yet when 
patients have been tieated wuth these extiacts the lesults have been 
disappointing Second, their enthusiastic colleagues the endocrinologists 
have been reporting brilliant results in all soits of conditions, even bald- 
ness has been “cuiable” wnth a “pituitaiy hormone ” 

Now'' the conservative physicians feel bettei, for they can see a 
change occurring Conservatism may yet have its “inning” in a game 
in w'hich enthusiasm has been predominant Articles are now' appearing 
in W'hich It is admitted that not all fat boys have “Fiohlich’s syndrome”, 
that a w'eight reduction regimen is needed more often than a 
syringeful of “hoimone ” Articles aie also appearing in which man} 
conditions described as “Simmond’s disease” are correctly diagnosed as 
anorexia nervosa Some w'ritei s are even stating that the} do not know 
what IS w'rong with the patient 

Aftei all, there aie only a few' cleaicut syndromes lesultmg fiom 
distuibances of the anteiior lobe of the hypoph}sis , these are dw'arfism 
acromegaly or gigantism, Frohhch’s syndrome, Cushing’s synch ome 
and, rarely, Simmond’s disease (pituitaiy cachexia) 

Advance will continue along tw'o lines First, it will be made m the 
laboratoiies We have attempted to present some of the contributions 
(and confusion) to be found m the laboratoiy study of the anterioi 
lobe of the hypophysis This w'Oik is of fundamental importance and 
it must be encouiaged m every institution m which it is in progiess 
Second, advance w'lll come from the scientific application of this know 1- 
edge to patients Splendid results have been achieved, and physicians 
w'ho have adequate knowledge of endocime products should be 
encouraged to tieat patients w'hom they can study caiefully and obsei\e 
closely Advancement w'lll be halted by the continued impiopei publica- 
tion of the lesults of unplanned and mismanaged treatments of patients 
W'ho received unidentified piepaiations foi undiagnosed conditions 
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American College of Physicians — The Twentj^-Third Annual Session of 
the American College of Physicians will be held in New Orleans, w ith general 
headquarters at the IMunicipal Auditorium, March 27 to 31, 1939 

Dr William J Kerr, of San Francisco, is president of the college and will 
ha\e charge of the program of general scientific sessions Dr John H iNIusser, 
or New^ Orleans, has been appointed general chairman of the session and wull 
be in charge of the program of clinics and demonstrations in the hospitals and 
medical schools and of the program of round table discussions to be conducted 
at the headquarters 

International Goiter Conference — The Third International Goiter Con- 
ference, under the auspices of the American Association for the Studj of Goiter, 
will be held m Washington, D C, Sept 12 to 14, 1938 

The official language of the conference wull be English Interpreters will be 
furnished for papers read in other languages 

Papers and discussions delivered or read at the meetings are to be published 
in full in the form of transactions 

Physicians who desire to participate in the program are requested to submit 
titles to Dr Allen Graham, 2020 East Ninety-third Street, CIe\ eland 

American Congress of Physical Therapy — The seventeenth annual scien- 
tific and clinical session of the American Congress of Phj'sical Therapj' wnll be 
held cooperatively wnth the tw'enty-second annual convention of the American Occu- 
pational Therapy Association, Sept 12 to 15, 1938, at the Palmer House, Chicago 
Preceding these sessions, the congress wull conduct an intensne instruction seminar 
in phvsical therapy for phj'^sicians and technicians, from September 7 to 10, 
inclusive 

The program of the convention proper wull include numerous special features, 
a Aariety of papers and addresses, clinical conferences and round table talks, 
and there wull be e>.tensive scientific and technical exhibits 

The instruction seminar should prove of unusual interest to every one inter- 
ested in the fundamentals and in the new'er advances m physical therapj The 
faculty will be comprised of experienced teachers and clinicians, every subject 
in the field of phjsical therapy wall be covered Information concerning the 
convention and the instruction seminar ma}'’ be obtained bj’^ addressing the Ameri- 
can Congress of Physical Therapy, 30 North I^Iichigan A^enue, Clucago 
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By-Effects in Salvarsan Therapy and Their Prevention, with Special 
Reference to the Liver Function By V Genner Translation from the 
Danish by Hans Anderson, At D Price, 22 kroner Pp 360 Copenhagen 
Levin & Atunksgaard, 1936 . 

The author, in a comprehensive and sj'stematic study, has correlated the com- 
plications of treatment of syphilis as observed in 5,526 cases encountered m the 
outpatient clinic of the Rigshospital, Copenhagen, from 1913 to 1932 

The material is piesented in three paits The first part is based on 148 cases 
of arsphenamine erythema studied in regard to the time of onset (including Alihan’s 
ninth day erythema), the amount of medication and the relation to subsequent 
development of jaundice, albuminuria and arthralgia Patch and mtracutaneous 
tests were performed on half the patients who bad had arsphenamine erythema 
The results of subsequent treatment of these patients with arsphenamine or bismuth 
are discussed In 125 cases jaundice developed It usually w'as a late manifesta- 
tion, occurring after onlj’^ tw'o or more courses of arsphenamine had been given 
The relation between acute jaundice from arsphenamine and epidemic jaundice is 
emphasized Distinction is made betw^een the S 3 'philitic factor, the medicamentotoxic 
factor and the infectious factors Albuminuria w'as seen in 176 cases and was of 
more frequent occurrence after treatment with arsphenamine and mercurj’’ than 
after the new'er treatment with arsphenamine and bismuth On the other hand, 
involvement of the joints did not appear until bismuth therapy w'as introduced 

The second part of the book is concerned w’lth 316 outpatients wdio w'ere 
thoroughly studied regarding subjective bv-effects during one or several series of 
treatments The giving of arsphenamine in concentrated solution of dextrose did 
away with most of the acute subjective by-effects but did not prevent the later 
development of jaundice and hepatitis in certain cases In the third part of the 
book, correlation is made between the by-effects of arsphenamine therapj and the 
results of two or moie types of tests of hepatic function These w'ere performed 
on 316 outpatients and on 87 patients wdio W'ere hospitalized Evidence of hepatic 
damage usually appeared first onlj"^ some time after an intensne course of arsphen- 
amine, but milder degrees of hepatic damage also occurred after bismuth therapj' 
Genner, in his conclusions, writes that “it is practical bj' w'atchmg for tlie sub- 
jective by-effects and employing the functional liver tests to differentiate those 
patients who are intoleiant to saharsan and to plan for them a suitable indi- 
vidualized treatment, so that they too maj' go through the salvarsan therapy wuth- 
out serious or permanent injury” 

The last 80 pages of the book consist of reports of 146 cases of arsphenamine 
erythema and 125 cases of arsphenamine jaundice, together wuth a set of 17 
elaborate tables and an adequate and pertinent bibliography This arrangement 
enables the author to carry out an orderly discussion of various subjects wuthout 
interruption for statement of irrelevant details in the report of individual cases 
He presents a wealth of statistical data, yet m such a way that the book is easv 
and pleasant to read 

The translation into English is especially w'ell done The cbseivations and 
discussions presented are essentially in accord with those reported by American 
syphilologists This book represents an excellent resume of the most common 
complications of arsenic (arsphenamine) therapy and also of those complications 
arising from treatment with mercury and bismuth Emphasis is placed on the 
value of tests of hepatic function The book is to be recommended to those 
interested m this field of medicine 
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The Thyroid and Its Diseases By J H Means, M D , Professor of Clinical 

Medicine, Harvard Unnersity Price, S6 Pp 602, with 73 illustrations 

Philadelphia J B Lippincott Company, 1937 

This book has a vivid personal it 3 ’' It owes its origin to the ^Massachusetts 
General Hospital, and no reader can forget this fact while progressing from the 
title page, with its reproduction of an old print of the Bulfinch Building, to the 
end of the volume 

The opening words of the preface introduce one to the point of Mew that is 
maintained throughout the volume “While the present work is intended to be, 
111 a measure, a textbook of the diseases, or disorders, of the thyroid, it is in no 
sense an encyclopedic treatise on that subject Rather it is an account of the 
personal experience of a considerable group of workers in a single thyroid clinic 
and of the opinions and convictions derived from this experience The clinic is 
that of the Massachusetts General Hospital and the period of obser\ation now 
extends over more than t\\ o decades ” 

Thus, one is given the opportunity to read, so to speak, the log of a cruise in 
thyi oidologj’’, assembled by a group of explorers during a \oyage which has lasted 
for approximately twenty years That the traditions of canny New England sea- 
faring ancestors still influence the Massachusetts General Hospital Th 3 'roid Clinic 
is easily perceptible, for during this v 03 ’’age all available charts, in the forms of 
literature concerning the th 3 T 0 id gland, have been consulted, and when the 
“M G H crew” have made soundings which have differed from those reported 
by other “thyroid mapmakers,” these have been reported for readers to use or 
not, as thej'’ see fit 

The charm of the book lies in the manner in which it is written It is more of 
a narratne than an ordinary textbook and therefore is unusually readable One 
follows this group of adventurers up and down the shores and rivers of the 
thyroid gland, and thus one is taught thyroid geography, one learns of the habits 
and peculiarities of folk who happen to be afflicted with thyroid disease, one 
hears yarns such as one sailorman might tell another about thyroid history and 
the rumors of thyroid territory still undiscovered, with the riches said to be 
hidden there, and to make the story complete, a great “Thyroid Storm” is 
described and how clever navigators ma 3 carefully pilot their patients through it 
to the shores of safety 

The book is well printed and is of convenient size Beyond doubt the thyroid 
gland and its diseases are comprehensively discussed from a variety of points of 
view The literature is well assembled, and the index is carefully constructed 
Alread 3 " one looks forward to the pleasure of reading the extensive revision of this 
book which the author hopes will be made m the future 

Die Vitamine und ihre klinische Anwendung By W Stepp, MD, J 
Kuhnau, M D , and H Schroeder, M D Second edition Pp 189 Stuttgart 
Ferdinand Enke, 1937 

This IS the second edition of an excellent short book on the perplexing subject 
of the Mtamins Of the first edition, which appeared early in 1936, The Journal 
of the Aviencaji Medical Association (107 1158 [Oct 3] 1936) said, “This mono- 
graph affords an extraordinary amount of information m brief compass ” This 
sentence well characterizes the second edition 

Part of the charm of the monograph lies in its simphcitj , complicated terms or 
descriptions are not used, and an 3 ’^ one with the least interest in the subject can 
easil 3 " follow the authors’ ideas The historical account of how general knowledge 
1 egarding the vitamins has grown is excellent , so is the chapter comparing a itamins 
and hormones The bodj^ of the book, however, runs through the \ itamin alphabet, 
beginning with a historical account of the discoveix-^ of % itamin A, going on \\ ith 
something regarding its chemistr 3 something regarding the experimental proof of 
Its ph 3 siologic existence and a good deal regarding its clinical importance and 
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finally ending with a list of vitamin A preparations, w'lth their dosage, now' avail- 
able for clinical use All the other knowm vitamins are discussed, explained or even 
theorized over m similar lashion Thus in a short book is assembled a large 
amount of material not only of great theoretic interest but also of considerable 
clinical importance 

While possibly at present some of the conclusions regarding the clinical ^alue 
of certain of the vitamin preparations now on the market are not uni\erball> 
accepted, nevertheless the authors have been fair minded Thc> have put together 
a useful monograph that is w’ell w'crth studying and that contains manv stimulating 
ideas It IS no w’onder that the first edition w'as promptly gobbled up, making 
necessarv a second edition within a few months How rapidlv knowledge regarding 
the vitamins accumulates is W'ell shown bv the fact that, in order to be up to date 
and sufficiently comprehensive, the second edition is perforce fifty-nine pages longer 
than the first edition 

Rontgenologische und pathologisch-anatomische Studien uber den tuber- 
kulosen Pnmarkomplex Acta radiologica, supplement 33 B\ J 
Frimann-Dahl and Georg Waaler Price, 9 kronor Pp 60, w'lth 23 illustra- 
tions Oslo Naticnaltrvkkcriet, 1936 

This work represents a 56 page original contribution to phthisiologj Studies 
were made of 200 dissections, together with roentgenograms taken during liie and 
after extirpation of the lungs The material is analjzed for the frequencj of 
occurrence of the primary complex, discrepancies between the clinical Pirquet 
test and the finding of the primarj' complex, the localization of the priman com- 
plex, the differential diagnosis of primary and additional infection, the MSibilit\ 
of the primary complex in the roentgenogram and other related problems 

The study represents a thorough investigation and supplies direct cMdence 
regarding many controversial topics, for example, the appearance of nontuberculous 
calcification m the pulmonary fields in the roentgenogram and the differentiation 
of primary infection and reinfection 

Sero-Diagnostic Studies of Malignant Tumors Experiments in Comple- 
ment Fixation by Means of Lipoid Extracts By Alfred Zacho Pp 
185 Copenhagen Levin S. Munksgaard, 1936 

This IS an exhaustive stud}' of the complement fixation test for tumors It 
IS dnided into ten chapters, each dealing w'lth some phase of the reaction and 
Its importance to the reaction For one interested in w'orking w'lth the comple- 
ment fixation test for diagnostic purposes, tins monograph contains a great deal 
of valuable information 

The largest number of positive reactions to the complement fixation test for 
any one series of patients with carcinoma w'as onlv 34 2 per cent, and for some 
series as many as 24 per cent of the control noncancerous patients showed a 
positive reaction of the serum The reactive pow'er resides m the acetone-soluble 
traction of fatty acids and particularly the cholesterol fraction One must con- 
clude, however, that for clinical purposes the reaction is, as yet, valueless 

Undersdgelser over en gruppe actinomyceter isolerede fra menneskets 
svaelg B\ Rigmor von Magnus With an English summary Paper, 6 
kroner Pp 132 Copenhagen Levin & Munksgaard, 1936 
This monograph deals with observations on one hundred and thirtv strains of 
branchng bacteria found m the pharynx and nasopharynx of human beings The 
morphologic, biologic and serologic characteristics and pathogenicity for animals 
were studied The organisms occurred m about 41 per cent of the threats 
examined, although they appeared to play no etiologic role m any particular disease 
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CULTURE OF HUMAN MARROW 

A COMPARATIVE STUDY OF THE EFFECTS OF SULFAHILAMIDE AND 
ANTIPNEUMOCOCCUS SERUM ON THE COURSE OF EXPERI- 
MENTAL PNEUMOCOCCIC INFECTIONS 

EDWIN E OSGOOD, MD 

With the Techvical Assistaxce of Inez E Brownlee, BA 

PORTLAND, ore 

The pneumococcus was chosen for this stud} because of the great 
clinical importance of pneumococcic infections and because the studies 
that have been published have guen conflicting and inconclusive results 

REVIEW OF THE LITERATURE 

, The vaccine vial technic of culture of human mariow ^ permits quan- 
titative studies of the interaction of living human cells and noxious 
and therapeutic agents Studies of the mode of action of sulfanilamide 
' on experimental infections due to beta hemolytic streptococci " indicated 
that sulfanilamide itself did not kill the organisms but rendered them 
\ulnerable to bactericidal substances present in noimal human serum 
probably by prcA enting the formation, or by neutralization, of the toxins 
or aggiessins of the organisms These studies also indicated that the 
concentration of sulfanilamide necessary to control hemoh’^tic strepto- 
coccic infections in the cultures was about 1 100,000 instead of 
1 10,000, wdiich had preMOusly been recommended, and that even short 
periods wuthout sulfanilamide led to rapid multiplication and the pio- 
duction of toxin In the few^ months since that article w^as published 
much clinical eMdence has accumulated to indicate that the conclusions 
derned from these in vitro experiments are clinically applicable For 
example, from 0 3 to 0 6 Gm of sulfanilamide ever} four hours, cla} 
and night, has proved more effective against hemoU'lic streptococcic 
infections than a much greatei daily dose of sulfanilamide given in three 
doses 

From the Department of iledicine and the Duision of Experimental I^Iedicme, 
Unuersit} of Oregon iledical School 

1 Osgood, E E, and Brownlee, I E Culture of Human Marrow Details 
of a Simple Alethod, JAMA 108 1793 (Maj 22) 1937 

2 Osgood E E Culture of Human I^Iarrow Studies on the ifode of 
Action of Sulfanilamide, JAMA 110 349 (Jan 29) 1938 
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A little work has been done on the action of sulfanilamide m pnen- 
mococcic infections The in Mtro ® studies lequiie confiimation Mice 
lats and rabbits with pneumococcic infections have been treated with 
doses of sulfanilamide so laige,‘ coi responding to from 30 to 125 Gm 
a day foi a man, that although suivivals have occuiied, it is difficult 
to see what bearing these lesults may have on tieatment of human beings 
with pneumococcic infections When doses comparable to those feasible 
foi human beings ° have been used, delayed death has been the usual 
result Heintzelman, Hadley and Mellon® have leported a reduction 
in the moitahty of patients with pneumonia due to type III pneumo- 
coccus from 73 per cent foi the controls to 22 per cent with sulfan- 
ilamide therapy for a small senes of cases, and a few other cases of 
lecovery from pneumonia after tieatment with sulfanilamide have been 
lepoited without contiols" A few cases of pneumococcic meningitis 
have been lepoited in which lecovery occuiied® aftei the use of sulf- 
anilamide, although in most such cases ^ death was only delayed Little 

3 Rosenthal, S M Studies m Chemotherap\ III The Effect of 
/i-Animobenzene Sulphonamide on Pneumococci in Vitro, Pub Health Rep 52 
192, 1937 

4 (o) Rosenthal, S M Studies in Chemotherapi II The Chemotherapj 

of Experimental Pneumococcus Infections, Pub Health Rep 52 48, 1937 (b) 

Cooper, F B , Gross, P , and Afellon, R R Action of />-AminobenzenesuI- 
fonamide on Type III Pneumococcus Infections in Ivlice, Proc Soc Exper Biol 
& Med 36 148, 1937 (c) Rosenthal, S M , Bauer, H , and Branham, S E 

Studies in Chemotherapy IV Compaiative Studies of Sulphonamide Compounds 
in Experimental Pneumococcus, Streptococcus, and Meningococcus Infections, 
Pub Health Rep 52 662, 1937 (d) Cooper, F B , and Gross, P Para- 

Aminobenzenesulfonamide Therapy in Experimental Type HI Pneumococcal 
Pneumonia, Proc Soc Expei Biol & Med 36 678, 1937 (c) Kreidler, W A 

Treatment of Pneumococcal Infections in Rabbits with Sulfanilamide, ibid 37 
205, 1937 (/) Schmidt, L H Use of Sulfanilamide in the Tieatment of Tjpe 

XIV Pneumococcus Infections in !Mice, ibid 37 205, 1937 (p) Buttle, G A H 

Discussion on the Treatment of Bacterial Diseases with Substances Related to 
Sulphanilamide, Proc Roy Soc Med 31 154, 1937 (/i) Bauer, H, and Rosen- 

thal, S M Studies in Chemotherapv VII Some New Sulphur Compounds 
Active Against Bacterial Infections, Pub Health Rep 53 40, 1938 

5 Buttle, G A H , Parish, H J , McLeod, M , and Stephenson, D The 
Chemotherapy of Typhoid and Some Other Non-Streptococcal Infections in 
lilice. Lancet 1 681, 1937 

6 Heintzelman, J H L Hadlev, P B , and Mellon, R R The Use of 
/)-Aminobenzenesulphonamide in Type III Pneumococcus Pneumonia, Am J M 
Sc 193 759, 1937 

7 Millett, J The Action of Sulfanilamide m a Case of Tjpe III Pneumo- 
coccus Pneumonia, New York State J Med 37 1743, 1937 

8 Mertins, P ,S, and Mertins, P S , Jr Meningitis Due to the Tipe IV 
Pneumococcus, with Recovery Report of a Case, Arch OtolarMig 25 657 
(June) 1937 

(rootnotc continued on next page) 
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work has been reported on the combined use of sulfanilamide and anti- 
pneumococcus serum 

It IS evident that if the value of sulfanilamide oi of combinations 
of sulfanilamide and antiserum is to be determined by clinical investiga- 
tion, a carefully controlled stud} of a large series of cases would haAe 
to be made, as was done in evaluating antipneumococcus serums Such 
studies are practicable only in large hospitals and involve some risk 
for the patients who receive the therapy which ultimately proves to be 
unsatisfactory It is hoped that results of investigations of marrow 
culture such as are reported in this article will ser\e as a guide to the 
most profitable line of clinical investigation It leinains to be seen 
whether the data derived from such studies will be confirmed b} clinical 
investigation If so, this simple and accurately controllable proceduie 
may ultimately prove a valuable supplement to animal experimentation 
and clinical investigation 

METHOD 

The method of culturing human marrow has been described - Brieflj , oui 
procedure has been to introduce about 10 cc of sternal marrow into a SO cc 
vaccine vial containing about 25 cc of citrated balanced salt solution By centrif- 
ugation and removal of the buffy coat, the nucleated cells of the marrow are 
separated from the akaryoc 3 des (non-nucleated erythrocytes) and diluted m a 
volume of marrow culture medium so that the total nucleated cell count is 
between 1,000 and 2,000 per cubic millimeter This culture is then brought to 
incubator temperature, and a suitable dilution of an actively growing virulent 
culture of the desired t\pe of pneumococcus is added, the culture is thoroughlj 
shaken and a portion is removed for the initial blood agar pour plate colony count 

9 Lxing, P H The Treatment of Certain Infections with Sulphamlamide or 
Its Derivatives, Internat S Digest 23 259, 1937 Millett, J The Intrathecal Use of 
Prontosil Soluble Report of a Case of T}'pe III Pneumococcus Meningitis and 
Septicemia Treated with Prontosil Soluble, with Complete Autopsy Report, 
JAMA 109 2138 (Dec 25) 1937 

10 Branham, S E , and Rosenthal, S M Studies in Chemotherap} V 
Sulphamlamide, Serum, and Combined Drug and Serum Therapj in Experimental 
Meningococcus and Pneumococcus Infections m Mice, Pub Health Rep 52 685, 
1937 Gross, P , and Cooper, F B /'-Aminobenzenesulfonamide and Antipneu- 
mococcal Serum Therapy m Tjpe I Pneumococcal Infections of Rats, Proc Soc 
Exper Biol &. Med 36 535, 1937 Cooper, F B , and Gross, P Sulfanilamide, 
Antipneumococcus Serum and Vitamin C Therapy in Tjpe II Pneumococcal Pneu- 
monia of Rats, ibid 36 774, 1937 Brown, A E , Bannick, E G , and Habein, 
H C The Use of Sulfanilamide and Prontosil Solution, ^Minnesota Aled 20 
691, 1937 

11 Cecil, R L, and Plummer, N Pneumococcus Tjpe I Pneumonia A 
Studj of Eleven Hundred and Sixtj-One Cases, with Especial Reference to 
Specific Therapy, JAMA 95 1547 (Nov 22) 1930 Bullowa, J G , and 
Wilcox, C Endemic Pneumonia Pneumococcic T 3 pes and Their Variations in 
Incidence and ]\Iortalit 3 for Adults and Children, Arch Int I^fed 59 394 (March) 
1937 

(Footito'c continued on nert page) 
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The thoroughly mixed culture is then divided into five to seven vaccine vials, 
8 cc being placed in each One of these vials is kept as a control To the others 
the desired quantity of sulfanilamide or antipneumococcus serum diluted m 
balanced salt solution is added, and to the control an equal amount of balanced salt 
solution IS added The content of each vial is thoroughly mixed, and all are placed 
m an incubator The time recorded is the time from the introduction of the cultures 
into the incubator, which is usually about fifteen minutes after the sample is with- 
drawn for the initial colony count From this point on, all the cultures in one 
experiment are handled identically Equal portions are removed at intervals for 
the making of colony counts, cell counts and smears (Wright’s stain) This technic 
insures that all the cultures in one experiment contain the same number and type 
of cells, the same volume and composition of the medium and the same initial 



Fig 1 — Logarithmic growdh curves obtained m a tvpical experiment By se\entv 
hours the curve for cultures containing sulfanilamide plus 2 S units of antiserum 
had risen to 600,000, and the curve for 12 5 units of antiserum plus sulfanilamide 
had risen to 300,000 colonies per cubic centimeter In many of the experiments 
these curves decreased to zero by twelve to tw^enty-four hours 

inoculation of pneumococci In other words, all factors are identical except the 
single variable that is purposely introduced This is a type of control which is 
impossible to secure in investigations on human beings or animals 

12 This consists of 35 per cent human cord serum and the Gey and Gey 
(Gey, G O , and Gey, M K The Maintenance of Human Normal Cells and 
Tumor Cells m Continuous Culture I Preliminary Report, Cultivation of 
Mesoblastic Tumors and Normal Tissue and Notes on Methods of Cultivation, 
Am J Cancer 27 45, 1936) balanced salt solution or the patient’s owm plasma 
and citrated balanced salt solution 
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RESTjLTS 

Confiols — The course of the giowth cur%e in a t}pical expeiiment 
IS shown in figuie 1 In general, the largei the initial inoculation of 
pneumococci, the more steeply the curve uses, the earhei the peak is 
leached and the eailier the phase of decrease m counts begins With 
the laigest amount of inoculation employed, 750 organisms per cubic 
centnnetei, a peak of about 100,000,000 was reached m sixteen houis 



Fig 2 — Photomicrograph of a smear made at nineteen hours for the control 
111 experiment 146 The initial inoculation was of 700 type II pneumococci per 
cubic centimeter Compare with figures 3 and 4 Wright’s stain , X 2,000 


while with inoculations of under 50 oiganisins per cubic centimetei, the 
peak was not reached for twent) -eight to thnt 3 -two hours 

On microscopic examination the number of organisms apjoeaied to 
inciease even after the growth curves had begun to subside, indicating 
that dead organisms weie visible Smears (Wright’s stain) fiom fort\- 
eight to seventy-two horn cultures showed large masses of organisms 
and much damaged marrow cells HoAAe\er, in the tAAcntA-four houi 
cultures both leukoc} tes and er\ throc}'tes v ere relativel}' v ell preser\ ed 
(figs 2 and 5) m strong contiast to the picture re\ealed by studies of 
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the beta hemolytic streptococcus,* m which theie was complete destruc- 
tion of all marrow cells m the controls m this period 

Control studies were made of pneumococci of types I, II, III and 
VIII and of group E (not further identified) With each, the course 
of the infection was much the same In most maiiow cultures the 
pneumococci were almost entirely extracellulai (fig 2), but in a few, 
phagocytosis occuired m the contiols The phagocytosis m the controls 



Fig 3 — Photomicrograph of a smear made at nineteen hours of thb culture 
containing 1 100,000 sulfanilamide in experiment 146 in which 700 type II pneu- 
mococci were initially inoculated Compare with figures 2 and 4 Note the absence 
of phagocytosis and the good structure of the marrow cells Wright’s stain, 
X 2,000 

seemed to be due to a vaiiation in the serum oi plasma used for the 
cultuie medium lathei than in the mairow cells In most cultuies the 
organisms retained then typical stiucture and remained encapsulated 
In a few cases, in all of which phagocytosis occuried, there w^eie bizarre, 
moiphologic alterations, with little a23paient effect, howevei, on the 
course of the giowth cuive 
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Sulfomlamide — In pielimiiiai}' expenments 1 1,000, 1 10,000 and 
1 100,000 concenti ations of sulfanilamide^® were used in studying 
infections with pneumococci of types I, II, III and VIII and of group E 
Bacteriostasis iiici eased with increase in the concenti ation of sulfanil- 
amide (figs 3 and 4) Thereafter, most of the experiments with 
sulfanilamide alone were done with the 1 10,000 concentration, since 
1 100,000 was much less efifective and 1 1,000, while moie effective, 



Fig 4 — Photomicrograph of a smear made at nineteen hours from the culture 
containing 1 10,000 sulfanilamide m experiment 146 The initial inoculation was 
of 700 type II pneumococci per cubic centimeter Compare with figures 2 and 3 
No pneumococci are visible in this field, but on prolonged search through manj’’ 
fields occasional t\pical extracellular diplococci were found Wright’s stain, 
X 2,000 

uould requne foi human beings a dose of sulfanilamide of oter 70 Gm 
a day, which appeals to be dangerous In all the expenments pei formed, 
comparison of smears made between twelve and twenty-eight hours 
showed fewer oiganisms and better looking cells in the cultuies contain- 

13 The sulfanilamide used was supplied bj the Winthrop Chemical Co , Inc 
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mg sulfanilamide (figs 3, 4 and 6) than m the coiiespondmg controls 
(figs 2 and 5) for any type of pneumococci studied 

A typical comparative giowth cuive is shown m figuie 1 In none 
of the experiments, no matter how small the initial inoculation oi how 
great the concentration of sulfanilamide up to 1 1,000, did the culture 
become steiile, and as fai as was determined the peak was of the same 
general older as for the controls, but it took longer for this peak to be 
reached Theie was no evidence of any effect of sulfanilamide on 
phagocytosis If there was no phagocytosis m the control culture, there 
was none m the corresponding prepaiation containing sulfanilamide 
If there was phagocytosis m the culture containing sulfanilamide. 
It was piesent m the coi responding contiol The stiuctuie of the organ- 
isms appeared the same as that of the oigamsms m the control culture 
containing a coiiespondmg number of oigamsms Confirming the 
leports of Long“ and of Colebrook and Kenny,^® capsules were not 
dissolved, as has been claimed by Levaditi and Vaisman,^® nor ^\ere 
the capsules swollen, as they weie m the cultuies containing labbit anti- 
pneumococcus seium In other uoids, slight bactenostasis was the onlj 
effect of sulfanilamide on pneumococcic infections m mariow cultures, 
whereas, m infections m maiiow cultuies due to beta hemolytic strepto- 
cocci,- because of the piesence of bactericidal substances in the serum 
used m the raariow culture medium, complete sterilization ensued This 
suggests that substances bacteiicidal for the pneumococcus are not jDies- 
ent m most human serums and that the effects of antipneumococcus 
serum m combination with sulfanilamide should be investigated The 
effects of the antiserum alone also weie determined to ser^e as a contiol 
on the effects of the two togethei 

Antipneimwcoccits So uni — The expeiiments with antipneumococcus 
serum were done with a strain of type I pneumococcus Inch was highly 
virulent for mice, since antipneumococcus serum has proi ed most 
effective clinically against type I pneumococcus Both hoise and labbit 
antiserum weie used, but no attempt was made to compare then 
effectiveness All the antiseium used m any one expeiiment ^^as from 

14 Long, P H , and Bbss, E A Para-Amino-Benzene-Sulphonamide (Sulph- 
anilamide) or Its Derivatives in the Treatment of Infections Due to Beta- 
Haemolytic Streptococci, Pneumococci and Meningococci, South ;M J 30 479, 
1937 

15 Colebrook, L, and Kenny, M Treatment of Human Puerperal Infections, 
and of Experimental Infections in Mice, with Prontosil, Lancet 1 1279, 1936 

16 Levaditi, C, and Vaisman, A Action curative du chlorhydrate de 
4'-sulfamido-2,4-diaminoazobenzene et de quelques derives similaires, dans la strep- 
tococcic experimentale, Compt rend Soc de biol 119 946, 1935 

17 The horse antiserum was Mulford t 3 ’pe I, sold by Sharp and Dohme Eli 
Lilly & Co supplied the rabbit antipneumococcus serum (lot B4454) used, which 
IS not yet available for commercial distribution 



OSGOOD— HUMAX MARROW 


189 


one source One difference noted between them was the absence with 
horse antiserum of the marked swelling of the capsules that was 
unifoimly present when labbit antiserum w^as used Tlie onh otlier 
difference noted w^as the presence of a pi ozone phenomenon with horse 
antiserum so that doses aho\e 3 units per cubic centimeter weie not as 
effective as smaller doses, with the rabbit antiserum an inciease m dose 
resulted in a greater oi, in the case of a leiy high dose, in an equal 



Fig 5 — Photomicrograph made at twenty-fours of a smear from tlie control 
culture in experiment 158 in wdiich the initial inoculation of tjpe I pneumococci 
was 80 per cubic centimeter Compare wuth figures 6 to 8 ’Note the large number of 
tjpical encapsulated extracellular diplococci and the slight damage to the marrow' 
cells Wright’s stain, X 1,000 

effectiveness In all cultuies containing antiserum (fig 7), eten though 
tlie dose was as small as 0 03 unit per cubic centimeter, a great increase in 
phagocytosis w'as noted, few organisms being found exti acellularly This 

18 Goodner, K, and Horsfall, F L Jr The Protective Action of Tvpe I 
Antipneumococcus Serum in Mice I The Quantitative Aspects of the Mouse 
Protection Test, J Exper ]Med 62 359, 1935 
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was most striking when there ^\as little oi no phagocytosis m the cor- 
lesponding contiols and in the cultuies containing sulfanilamide In the 
same experiment, if two diffeient concentrations of antiserum weie used, 
the growth ciuves followed each other closel} for the first few hours 
but the cuive for the cultuie containing the smaller concentration rose 
eailiei As a rule there uas a definite diop in the number of organisms 
m the first few hours, even with the lowest concentrations, which was 



Fig 6 — Photomicrograph of a smeai made at twentj'-four hours from the 
culture containing 1 100,000 sulfanilamide in experiment 158 in which the initial 
inoculation was of 80 type I pneumococci per cubic centimeter Compare with 
figures 5, 7 and 8 Note the much smaller number of pneumococci than m the smear 
for the control and the extracellular position of the organisms Note also that 
capsules are still present and that the structure of the marrow cells is good 
Wright’s stain, X 1,000 

not noted for the controls or for the cultures containing sulfanilamide 
alone How much of this drop was due to phagoc}tosis and aggluti- 
nation and how much to actual killing of the organisms was not deter- 
mined The smallest quantity of antiserum used 0 03 units pei cubic 
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centimeter of horse antiserum, had a somewhat slighter effect on the 
colony counts than 1 10,000 sulfanilamide in the coiiesponding cul- 
tui es, but the next smallest dose used, 0 3 unit per cubic centimetei 
of hoise oi labbit antiserum, uas definitely more eftectne than 1 10,000 
sulfanilamide in the coi responding cultures (fig 1) Even the highest 
concentiation used, 50 units per cubic centimeter of labbit antiseium, 
laiely steiilized cultuies completely, although as a lule only a single 



Fig 7 — Photomicrograph of a smear made at twenty-four hours from the 
culture containing 0 6 unit of rabbit antiserum per cubic centimeter in experi- 
ment 158 The initial inoculation was of 80 type I pneumococci per cubic centi- 
meter Compare with figures 5, 6 and 8 Note the small number of pneumococci 
present, the intracellular location and the marked swelling of the capsules A 
number of fields had to be examined to find any pneumococci Wright’s stain , 
X 1,000 

colony was found occasionally in pour plates made with 0 5 cc of 
undiluted culture 

Concentrations of 0 3, 0 6 and 1 0 unit per cubic centimeter show ed 
an increase in the count after the first four hours in all experiments m 
which they weie used, the rate of increase being less for a longer period 
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in the cultuies containing the highei concenti ations The peak colony 
counts foi these cultures \vere usually lower than those reached in the 
coi responding contiol and sulfanilamide experiments, and a longei time 
^^as lequired to leach the peak None of the cultures containing these 
concentrations became sterile The same applied to most of the cultures 
with 2 5 and 12 5 units pei cubic centimeter, with the exception of 
expel iments 166 and 167, which will be discussed m detail later Foi 



Fig 8 — Photomicrograph of a smear made at twenty-four hours from a culture 
containing both 1 10,000 sulfanilamide and 0 6 unit of rabbit antiserum per cubic 
centimeter in experiment 158 The initial inoculation was of 80 tjpe I pneu- 
mococci per cubic centimeter Compare with figures 5 to 7 Note the few extra- 
cellular pneumococci with swollen capsules m the leukocyte in the center of the 
field A prolonged search was necessary to find any pneumococci at all in this 
culture Note also the well preserved structure of the marrow cells Wright’s 
stain , X 1,000 

examples of the effects of various concentrations of serum alone, see 
figure 1 and experiments 151, 155, 164 and 165, given under the discus- 
sion concerning the use of sulfanilamide plus antiserum 
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Sulfanilamide Plus Antipneumococcus Sciiiin — In all the experi- 
ments except experiments 166 and 167, in which sulfanilamide ^^as used 
in combination with antiserum, the growth cur\es were significantly 
lower than the corresponding cunes for sulfanilamide alone or for the 
same dose of antiserum alone T 3 ^pical examples are shown in figure 1, 
where it wull be noted that 1 10,000 sulfanilamide plus 0 3 unit of 
labbit antiserum per cubic centimeter is far more eftective than this 
concentration of either sulfanilamide or of rabbit antiseium alone and 
that 1 10,000 sulfanilamide plus 2 5 units of rabbit antiseium is more 
effective than five times as much antiserum alone Even wath the smaller 
doses of antiseium plus sulfanilamide the peak colon} count w^as not 
nearly as high as for the con esponding cultures containing the same 
amount of antiserum alone, although as a lule there was no significant 
difference between the colony counts for the first four to six houi s The 
followung experiments illustiate typical effects of sulfanilamide w’lth 
antiseium In all instances the organism w^as type I pneumococcus, and 
the concentration of sulfanilamide w^as 1 10,000 In expeiiments 151 
and 155 horse antiseium was used, and in experiments 164 and 165 
rabbit antiserum w^as used The figures indicate colonies pei cubic 


centimeter 

E’^penment 151 

Hours 

0 


0 

20 

Sulfanilamide 

130 


600 

<1,000,000 

Antiserum, 0 03 unit per cc 

130 


300 

600,000 

Antiserum, 0 03 unit per cc plus sulfanilamide 

130* 


300 

70,000 

E'cperiment 155 

Hours 

0 


2 

24 

Control 

200 


250 

<50,000,000 

Antiserum, 0 03 unit per cc 

200 


ISO 

12,000,000 

Antiserum, 0 03 unit per cc plus sulfanilamide 

200 


ISO 

700,000 

Experiment 164 

Hours 

0 


16 

23 

Control 

20 

60,000.000 

40,000,000 

Sulfanilamide 

Antiserum, 2 5 units per cc 

Antiserum, 2 5 units per ec plus sulfanilamide 
Antiserum, 12 5 units per cc 

Antiserum, 12 5 units per cc plus sulfanilamide 

20 

20 

20 

20 

20 

25 

i, 000, 000 

22,000,000 

1,300,000 

13,000,000 

13,000 

Experiment 165 

Hours 

0 

18 

24 

43 70 

Antiserum, 2 5 units per cc 

0 

2,500 

30,000 

175,000 100 000 

Antiserum, 2.5 units per cc plus sulfanilamide 

6 

10 

so 

15 4,000 

Antiserum, 12 5 units per cc 

6 

60 

1,300 

35,000 15,000 

Antiserum, 12 5 units per cc plus sulfanilamide 

6 

20 

0 

0 0 


Foi no culture wuth an initial count under 750 per cubic centimeter 
containing both sulfanilamide and antiserum in concentrations of 5 oi 
more units per cubic centimeter w^as theie recorded any colony count 
above 20,000 per cubic centimeter in the first tw^enty-four hours, and 
in the majority of instances in wdiich 12 5 units per cubic centimeter 
was used, the count did not go above 100 or 200 per cubic centimeter, 
se\ eral being stei ile with many 0 2 or 0 5 cc inoculations How^ca er, 
111 all cases colonies w^ere found on pour plates made at some time 
betw^een sixteen and sevent}-two hours after direct inoculation with 
0 5 cc 
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To deteimine whethei the action of the antiseium was specific and 
in Older to provide further contiol, one experiment was performed m 
which the effects on the type I pneumococcus of 12 5 units per cubic 
centimeter of type I or type II labbit antiserum either Avith or without 
1 10,000 sulfanilamide were compaied The initial count was 750 
pel cubic centimeter At sixteen and one-half hours the control 
culture showed 130,000,000, the culture containing sulfanilamide alone 
showed more than 500,000, that containing type I antiserum showed 

28.000, that containing type I antiserum plus sulfanilamide show^ed 

9.000, that containing type II antiseium show'ed more than 500,000 and 
that containing type II antiserum plus sulfanilamide show^ed 75,000 
colonies per cubic centimetei It w'as evident from this expeiiment 
that the type II antiserum had some effect but \vas far less effective than 
the specific antiseium, so no further w'ork w’as done with t}pe II anti- 
seium for type I infections 

Two experiments (experiments 166 and 167) with the type I pneu- 
mococcus and rabbit antiserum ga^e atypical lesults and are reported 
in detail In experiment 166, 5 indicates 1 colony from an inoculation 
of 0 2 cc , and 2 indicates 1 colony from an inoculation of 0 5 cc 


Experiment 1G6 


Hours 

0 

4 

8 

12 

10 

20 

24 

48 

Control 

250 

SOO 

42,000 

900,000 

12,000,000 

42,000,000 

70,000,000 

450,000 

Sulfanllnmido 

250 

800 

30,000 

700,000 

2,000,000 

60,000,000 

72,000,000 

300,000 

Antiserum, 2 5 units per cc 

250 

'30 

0 

5 

0 

0 

0 

0 

Antiserum, 2 5 units per cc 
plus sulfanilamide 

250 

30 

5 

0 

0 

0 

0 

0 

Antiserum, 12 5 units per 
cc 

250 

30 

0 

5 

0 

0 

0 

0 

Antiserum, 12 5 units per 
CO plus sulfanilamide 

250 

40 

40 

0 

5 

0 

0 

2 

Experiment 1G7 

Hours 

0 

2 

12 

IG 

20 

30 

40 

44 

Control 

2S0 

350 

750,000 

13,000,000 

7 

4,000,000 

1,600,000 

300,000 

Sulfanilamide 

2S0 

290 

800,000 

7,000,000 

50,000,000 

0,000,000 

1,800,000 

100,000 

Antiserum, 0 3 unit per cc 

2S0 

180 

4,000 

20,000 

200,000 

50,000,000 

18,000,000 

2,400,000 

Antiserum, 0 3 unit per cc 
plus sulfanilamide 

2S0 

170 

3,000 

12,000 

75,000 

7 

7 

0,500.000 

Antiserum, 2 5 units per cc 

2S0 

150 

850 

300 

600 

170,000 

050,000 

800,000 

Antiserum, 2 5 units per cc 
plus sulfanilamide 

2S0 

ICO 

3,000 

500 

500 

7 

90,000 

190,000 

Antiserum, 2 5 units per cc 
plus 1 100,000 sulfanll 
amide 

2S9 

130 

2 000 

1,000 

200 

90,000 

25,000 

00,000 


These are the only experiments in which the cultures containing 
sulfanilamide alone did not give lower counts than the control during 
the period of logarithmic growth and the only experiments in which 
2 5 01 12 5 units of antiserum per cubic centimeter prevented an increase 
in colony count and gave results just as good as those for antiserum 
plus sulfanilamide In other woids, these results suggest that the serum 
used in making the cultures must have already contained sulfanilamide 
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Howe\er, chemical examination of this seium failed to reveal any sulf- 
anilamide, so that some other explanation must be found It seems 
probable that the samples of serum from the cord must ha^e contained 
a substance acting m a manner similai to that of sulfanilamide, but of 
course theie is no way of proving this Possibly the human seium used 
m the medium in these experiments was similai to blood F shown m 
table 1 of the study by Ward,^® aheady containing a high titer of sub- 
stances mimical to the growth of t 3 'pe I pneumococci 

Hai tley Bi oth — Since the growth curves for the pneumococcus m 
inaiiow cultures containing sulfanilamide w^eie similai to the growdh 
cLiives for the beta hemolytic sti eptococcus m Hartley bioth containing 
sulfanilamide," and since the combination of antipneumococcus serum 
plus sulfanilamide in marrow cultuies had given lesults somewhat simi- 
lar to those obtained with the beta hemolytic sti eptococcus in marrow 
culture medium containing human serum, it seemed desiiable to study 
the effects of sulfanilamide plus antipneumococcus seium in Hartley 
broth 

Such cultures were made in Hartley bioth m vaccine vials, the 
pneumococci being added and mixed in one vial before subdivision was 
made, just as m the marrow cultuie experiments The lesults are shoivn 
in figure 9 The chief differences fiom the results of experiments ivith 
mariow cultures were that the growth cuives ascended more steeply 
and reached a somewhat highei level, apparently because the medium 
was better adapted for the growth of the organism There w as a greatei 
difference between the highest colony count for the cultures containing 
sulfanilamide alone and for the control in the bioth cultures than for 
the marrow cultures The diffeience between the colony counts for the 
cultures containing antipneumococcus serum and those for the controls 
was even more striking than for the marrow cultuies with similar initial 
inoculations and similar concentrations of antiseium Concentrations 
as low as 2 units of rabbit antiserum per cubic centimeter produced 
complete sterility on pour plates made from 1 cc of the undiluted culture 
m several cultures with less than 500 pneumococci per cubic centimetei 
in the initial inoculation None of the Hartley broth cultuies m which 
horse antiserum was used became sterile, probably because of the pro- 
zone phenomenon , but only a few experiments were made, and either a 
very small dose, 0 03 unit per cubic centimeter, or a ver} large dose, 
50 units per cubic centimeter, was employed 

In all instances m which the cultures did not become sterile too soon 
for the difference to be detected, a significant!}’- lower count was found 

19 Ward, H K Observations on the Phagocjtosis of the Pneumococcus bj 
Human Whole Blood I The Normal Phagocjtic Titre and the Anti-Phagoc\tic 
Effect of the Specific Soluble Substance, J Exper Med 51 675, 1930 
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for the cultures containing both antipneumococcus serum and 1 10,000 
sulfanilamide than for the coi responding cultures containing antiserum 
alone As m the maiiow culture experiments with the pneumococci, 
1 100,000 sulfanilamide in combination with antiserum was found much 
less effective than the 1 10,000 concentration Many moie experiments 
of this type must be made before extensive conclusions are justified, 
but these lesults seem sufficiently consistent to wan ant then preliminary 
publication 

COMMENT 

These lesults indicate that in mairow cultures, sulfanilamide alone 
produces only slight slowing of the rate of multiplication of pneumo- 



Fig 9 — Logarithmic growth cur\es for experiments 6 and 7, in winch Haitle}' 
broth was used The data for experiment 6 are shown completely with the 
exception of the two curves determined for 2 units of rabbit antipneumococcus 
serum plus 1 10,000 and 1 100,000 sulfanilamide, which were not significantly 
different from the curves for 2 units alone In experiment 7 the curves for the 
control and for the culture containing sulfanilamide have been omitted, since they 
almost exactly paralleled the corresponding curves for experiment 6 

COCCI, similar to that which has been repeatedly demonstrated with sulf- 
anilamide for other organisms m ordinary bacteriologic mediums 

20 Long, P H , and Bliss, E A Para-Ammo-Benzene-Sulfonamide and Its 
Derivatives Experimental and Clinical Observations on Their Use in the Tieat- 
ment of Beta-Hemolytic Streptococcic Infection , a Preliminary Report, JAMA 
108 32 (Jan 2) 1937 Osgood = 
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This explains why treatment with sulfanilamide onl} dela}S the death 
of animals, such as the mouse, which show a practically 100 per cent 
moitahty for untieated pnedmococcic infections Each small concen- 
tiations of antipneumococcus serum are more effective m mariow^ cul- 
tures or in broth than sulfanilamide m 1 10,000 concentration, but 
unless the dose of antiserum is not so gieat as to produce sterility by 
itself, the use of sulfanilamide with antiseium is more effective than 
the use of either alone The production of sterility in broth cultuies 
of pneumococci indicates that the action of rabbit antipneumococcus 
serum is not due entirely to its effect on phagocytosis and that the anti- 
serum must contain some bactencidins or bactei lolysins These results 
together with those previously published " suggest that the important 
vaiiable in the effectiveness of sulfanilamide in difteient mediums oi 
animals and against different oiganisms is the presence oi absence of 
substances bactericidal for that micro-organism in the cultuie medium 
01 in the body fluids of the particulai human being oi animal Just 
how sulfanilamide lendeis the micro-organism moie susceptible to the 
action of bactericidal substances is not yet known with ceitainty, but 
this w^ork suggests that its effect on the production of toxins oi aggies- 
sins IS more impoitant than its bacteiiostatic activity and that it has 
little direct influence on phagocytosis 

Foi human beings who have some lesistance to pneumococci one 
might expect fiom these lesults that sulfanilamide would somewhat 
impiove the moitahty over that obtained without antiseium, but when 
antiseium is available it is so much superior that theie is no clinical 
justification for using sulfanilamide alone It is also evident that the 
laigei the dose of sulfanilamide, the better the lesults, but theie aie 
now enough data on the toxicity of sulfanilamide to make it doubtful 
wdiethei doses equivalent to the 1 to 1 5 Gm per kilogram used in some 
animal expei iments wmuld be safe for administration to human beings 
These lesults also suggest that sulfanilamide given wnth the piesent large 
doses of antiserum may appreciably low^ei the mortality or that sulf- 
anilamide given in conjunction wnth a smallei amount of antiserum than 
IS now used should give an equally low moitahty at less expense 

Not enough clinical investigation has been done to furnish any sta- 
tistical value, but w^e know^ 'of 4 cases of type I lobai pneumonia in 
wdiich treatment wnth large doses of antiserum and sulfanilamide w^as 
given as a result of these studies All the patients w^eie afebrile within 
tw’^enty-foui hours and w’^ere able to leave the hospital wnthm four to 
seven days after the onset of the illness Two patients wnth t)q:)e III 
pneumonia lecoveied after the administration of large doses of sulf- 

21 Rosenthal Cooper, Gross and Mellon Rosenthal Bauer and Branham 
Kreidler Schmidt Bauer and Rosenthal 
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anilamide alone -- It is evident that in a large sei les of cases carefully 
controlled studies should be made, the use of antiserum alone being alter- 
nated with the use of antiserum plus sulfanflamide Should such studies 
indicate that the investigations heie recoided on experimental infections 
in human marrow cultures are applicable to clinical infections, this 
method will have been demonstrated to be a useful adjunct to animal 
experimentation and clinical investigation 

SUMMARY 

Cultuie of human marrow makes possible a type of contiol not 
attainable in animal experimentation or in clinical investigation In 
human mariow cultuies, sulfanilamide exhibits a slight bacteriostatic 
action on pneumococcic infections which is increased b}’- an increase in 
concentration Even 0 3 unit per cubic centimetei of specific antipneu- 
mococcus serum is more effective against the type I pneumococcus than 
IS sulfanilamide alone Sulfanilamide plus any given dose of antiserum 
less than the amount which will by itself reduce colony counts to nearly 
zero is more effective than corresponding doses of antiserum alone 
These effects do not depend chiefly on phagocytosis The lesults sup- 
port the Mew that sulfanilamide renders the organism more vulnerable 
to bactericidal substances present in the serum If the results of these 
m vitro experiments on the interaction of therapeutic and noxious agents 
in the presence of living human cells are applicable to infections in 
human beings, sulfanilamide therapy should be of value in pneumo- 
coccic pneumonia and might delay death in pneumococcic meningitis, 
but It will not prove as effective as even small amounts of type-specific 
antiserum If used in conjunction with antiserum it should further 
lower the mortality with the present doses of antiserum or should give 
an equally low mortality with smaller doses of antiseium The use of 
both sulfanilamide and therapy designed to introduce or develop specific 
bactencidins should be investigated furthei as a possibly effective tieat- 
ment for infections which are relatively resistant to the action of suf- 
anilamide alone 

22 These cases were reported m a personal communication from Dr J V 
Straumfjord, Astoria, Ore, and Dr W C Hunter, Portland, Ore 



HYPERPARATHYROIDISM DUE TO IDIOPATHIC 
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FOLLOW-UP REPORT OF SIX CASES 

FULLER ALBRIGHT, MD 
HIRSH W SULKOWITCH, MD 

AND 

ESTHER BLOOMBERG, BS 

BOSTON 

In 1934 the first paper on this subject from the clinic of the !Massa- 
chusetts General Hospital was published ^ In that report three cases of 
hyperparath 3 ^roidisin, from a series of nineteen cases of the condition in 
which the diagnosis A\as proved by operation, were cited m ^\hlch 
pathologic examination showed what was then termed diffuse hyper- 
plasia of all parathyroid tissue, rather than one or more circumscribed 
adenomas It vas pointed out that these cases represented a separate 
disease entity Since that time the total number of cases of pro^ed 
hyperparathyroidism at the Massachusetts General Hospital has increased 
to thirt}-five, and the number of cases of “hyperplasia” has increased to 
SIX As far as ve are aware, a diagnosis of hyperplasia has not been 
made during life m other clinics, and these six patients remain a unique 
group This paper is a follow-up report of the six cases Some of the 
questions ■\^hlch could not be answered at the time of the first publication 
can now be disposde of , others remain completely obscure 

For those not familiar with the earlier publications it should be 
emphasized again that the histologic picture of the parathyroid glands 
in these cases is entirely different from that seen in cases of compensa- 
tor}’- hyperplasia of parathyroid tissue, e g , with long-standing renal 
insufficiency^ rickets osteomalacia or pregnancy “ By “compensatory’- 
hy’perplasia” is meant the condition encountered m cases in which there 

Read in abstract before the Association of American Ph 3 '-sicians, Atlantic Citj, 
N J , I^fav 4, 1937 

From the Medical Service of the Massachusetts General Hospital and the 
Department of Aledicine, Harvard Medical School 

1 Albright, F , Bloomberg, E , Castleman, B , and Churchill, ED Hv per- 
parathjToidism Due to Diffuse H 5 perplasia of All Parathvroid Glands Rather 
Than Adenoma of One, Arch Int Med 54 315 (Sept ) 1934 

2 Albright, F , Drake, T G, and Sulkovvitch, H W Renal Osteitis Fibrosa 
Cvstica, Bull Johns Hopkins Hosp 60 377, 1937 
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IS an increased need for the hormone if the calcium level of the serum 
IS to be maintained at a normal value By “idiopathic hyperplasia” is 
meant the condition here under discussion, in which some influence is 
apparently driving the parathyroid tissue to produce more hormone than 
IS lequired, with resulting hypei calcemia and all the sequelae of primary 
hypeiparathyioidism The hyperthyroidism of exophthalmic goiter is 
a somewhat analogous example, \\ herein a condition othei than neoplasia 
gives rise to more hormone than is needed 

Two interesting questions were brought up in the fiist paper con- 
cerning this disease The first was academic and still remains a question 
It concerns the natuie of the influence causing the changes in the 
parathyroid glands As previously pointed out, thei e seemed considerable 
circumstantial evidence to suggest an overabundance of a pituitary 
parathyi oti opic factoi Some obseivations have been made which do 
not substantiate or disprove this possibility These will be discussed 
after the clinical data have been given 

The second question was a piactical one and one vhich fortunately 
can now be answered explicitly The question ai ose \\ hether it would be 
possible to effect a permanent cure by operation In the eailiei papei this 
aspect of the problem was summed up m the f ollo\\ mg statement 

If it IS learned by experience that there is a certain fixed amount of hyper- 
plastic tissue which can he left in place — too little to regenerate and again cause 
hyperparathyroidism, but sufficient to prevent the parathyreoprnic state — then, and 
only then, will the condition be amenable to surgical treatment 

There was anothei question embodied m this part of the problem — 
whether the influence causing the pathologic condition of the parathyroid 
tissue was a peimanent one The disquieting thought occurred that a 
patient might have sufficient paiathyioid tissue lemoved to cause a 
return to the isoparathyi oid state, while the lemaining tissue stayed 
abnoimal, howevei, such a patient might find himself in a seiious 
situation if the underlying influence causing the pathologic condition 
of the paiathyioid tissue corrected itself in the course of time 

REPORT OF CASES ® 

Case 15 — A more complete history is given in a previous article ^ In brief, 
the diagnosis of hyperparathyroidism was first made in November 1933, when the 
patient, a widow of 62, entered the hospital for the third time with the diagnosis 
of renal calculi She had been passing gravel for seven years, so that it is fair 

3 The number of the case refers to the series of cases of proved hyperpara- 
thyroidism studied at the Massachusetts General Hospital, the same numbering 
being used m all publications This particular case was referred to in larious 
articles 

3a Albright, Bloomberg, Castleman and Churchill ^ Albright, Aub and Bauer ® 
Churchill and Cope Castleman and Mallorv 
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to assume that the condition was present at least se\ en years before her admission 
to the hospital in 1926 The menopause occurred in 1923 There was no e\idence 
of osseous disease in 1933, which agreed with the finding of an only slightly 
elevated phosphatase level of the serum Renal function w'as only slightly impaired, 



Fig 1 (case 15) — Diagram show’ing the effect of \arious therapeutic pro- 
cedures on the degree of Ityperparathjmoidism, as judged bj the serum calcium and 
inorganic phosphorus levels and the excretion of calcium One gland w'as never 
seen and is depicted as a gland of normal size and marked with a question mark 
Note that it was not until after the third operation that the condition was brought 
under control 


and there was no retention of nonprotein nitrogen She had, in addition, rheumatic 
heart disease, with mitral stenosis and auricular fibrillation 

In figure 1 the initial calcium and inorganic phosphorus Aalues of the serum 
are recorded, together with the effect of ^arIOus therapeutic procedures on these 
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values In December 1933 Dr Edward D Churchill removed both lowei enlarged 
parathyroid glands These measured 1 5 by 1 2 by 0 5 cm and 1 8 by 0 8 by 0 6 
cm , respectively, and together weighed 1,100 mg This procedure had no effect 
on the degree of hyperparathyroidism, as judged by the serum calcium and phos- 
phoius values and the metabolic data (fig 1 and table) 

At a second operation, in February 1934, Dr Churchill found a large right upper 
parathyroid gland (5 0 by 3 0 by 1 3 cm ) weighing 10,000 mg but could not find 
the left upper parathyroid gland He resected the gland, leaving behind a piece 
with an estimated weight of 500 mg (four normal parathvroid glands weigh 
about 150 mg ) This second procedure was followed by only transient improve- 
ment of the blood values 

In July 1934 it was decided to try large doses of estrogenic substance The 
thought behind this was as follows As pointed out in the previous paper, there 
was considerable indirect evidence that the underlying disorder might be an 
excess of a pituitary parathyrotropic hormone This patient’s condition came on 
at about the time of the menopause, when there starts an increased functioning 
of the follicle-stimulating hormone of the anterior lobe of the pituitary body It 
seemed possible that the hypothetic parathyrotropic hormone might be either 
identical with the follicle-stimulating hormone or, what was more probable, 
influenced by the same factors Several of the pituitary hormones are decreased 
by treatment with estrogenic substance follicle-stimulating hormone,* diabeto- 
genic hormone and growth hormone ® Hence 600 rat units of estradiol was 
given three times daily for twenty-three days The serum calcium and phosphorus 
values remained unaltered (fig 1) After cessation of this treatment there was 
vaginal bleeding, as was to be expected from such large doses of estrogenic 
substance In the light of more recent studies we believe that the amount of treat- 
ment may have been too little to return the follicle-stimulating hormone level to 
normal Some data with larger doses of estrogen in the form of estradiol benzoate 
were obtained at a much later date winch rather indicated that the serum calcium 
level was decreased with this therapy (table) 

In accordance with the same line of reasoning irradiation of the pituitarj 
gland was given early in December 1934 The patient received 800 roentgens to each 
side of the skull, focused on the pituitary body This procedure was again 
without effect on the abnormal calcium and phosphorus ^alues of the serum (fig 1) 
In January 1935 it was decided to try irradiation over the parathyroid tissue 
left in place at the second operation Reports have appeared in the literature 
of cases in which supposed hyperparathyroidism has been “cured” by irradiation 
of the cervical region Experience from this clinic has made it clear that such 

4 Albright, F , and Halsted, J A Studies on Ovarian Dysfunction II 
The Application of the “Hormonal Measuring Sticks” to the Sorting Out and to 
the Treatment of the Various Tj^pes of Amenorrhoea, New England J Med 212 
250 (Feb 7) 1935 

5 Barnes, B O , Regan, J F, and Nelson, W O Improvement in 
Experimental Diabetes Following the Administration of Amniotm, J A iM A 
101 926 (Sept 16) 1933 

6 Zondek, B The Inhibitory Effect of Follicular Hormone on the Anterior 
Lobe of the Pituitary Gland, Lancet 1 10 (Jan 4) 1936 

7 The estradiol used in these investigations was supplied bv Dr Gregory 
Stragnell and Dr Erwin Schwenk, of the Schenng Corporation, Bloomfield, N J 
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treatment is ineffective in cases of parathyroid adenoma » It seemed possible, 
however, that it might be effective in cases of so-called parathyroid hyperplasia 
The patient had her first treatments on January 17 and 19 At this time she 
received 400 roentgens The treatment had to be interrupted, however, because 
of an attack of acute cholelithiasis On January 20 Dr Joe V Meigs performed 
cholecystostomy and removed about twentv stones from the gallbladder (Inci- 
dental]3% these stones contained almost no ash, so that it is unlikely that the hyper- 
parathyroidism had anjdhing to do with them, as, for instance, bj increasing the 
calcium content of the bile ) The patient made an uneventful recovery It should 
be noted, however, that the presence of mild diabetes first became apparent at this 
time The course of irradiation was completed in May and June, when she received 
an additional 800 roentgens to the remainder of the right upper parathyroid gland 
There was no immediate change in the serum calcium and phosphorus values 
She returned in October and received further irradiation This time it was given 
on both sides of the neck, on the basis that a fourth parathyroid tumor might 
ha\e been overlooked She received 900 roentgens over each of two fields measur- 
ing 10 by 10 cm on either side of the neck This treatment gave her a sore 
throat, but the hj perparathyroidism remained the same 

Finallj% since it was realized from observations in other cases that too much 
tissue had been left behind at the second operation, even on the assumption that 
there was no fourth gland, a third operation iias performed by Dr Churchill in 
March 1936, twenty-nine months after the first operation and ten jxars at least 
after the onset of the illness The remainder of the right upper parathyroid gland 
was apparently of the same size as at the time of the second operation It was 
resected, an amount of tissue being left in place that was about equnalent to that 
in a good-sized normal parathyroid gland, measuring 0 6 by 0 3 by 0 9 cm (fig 1) 
Starting two weeks after this operation, the serum calcium value graduallv 
dropped almost to normal (fig 1) The histologic appearance of the tissue reino\ed 
was exactly similar to that of the tissue removed at the first two operations (fig 2) 
This indicated that the underl3ing pathologic condition had persisted and also 
that irradiation in the doses given had had no effect on the tissue The tissue 
removed at the third operation w'eighed only 170 mg Therefore the estimated 
value of 500 mg for the tissue left after the second operation, though the same 
estimation w'as made at both the second and the third operation, was considerably 
too high 

In the accompanying table the calcium and phosphorus values obtained when 
the patient was receiving a neutral ash, low' calcium diet at ^arIous stages in the 
course of the illness are recorded The calcium ^ alues are also recorded graphicallv 
in figure 1 

During the two and a half 3 ears following the first operation the patient was 
kept on a fairl3’- low calcium diet to avoid if possible the development of further 
renal stones During this period there gradually developed slight roentgenographic 
evidence of osseous disease but no S3'mptoms thereof The renal condition remained 
essentially unchanged The patient has continued to have slow' auricular fibrillation 

Case 16 — For the more complete early histor3' reference should be made to 
the first report ^ Hyperparathyroidism w'as discovered in October 1933, W'hen the 
patient entered the hospital at the age of 26 because of renal colic There w'as no 

8 Albright, F , Aub, J C , and Bauer, W Hyperparathyroidism A 
Common and Polymorphic Condition as Illustrated by Seventeen Proved Cases 
from One Clinic, JAMA 102 1276 (April 21) 1934 
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evidence of osseous disease, the serum phosphatase le\el was normal and there 
was no impairment of renal function If one judges fiom the duration of the 
pohuria, the condition had been present for one jear or shghth longer 

The precperative serum calcium and phosphorus Aalues, together with later 
\alues, are shown in figure 3 Dr Churchill performed the first operation on 
Feb 16, 1934, and remo\ed from the right side of the neck tw’O enlarged glands. 



Fig 2 (case 15) — Photomicrograph of parathjroid tissue remo%ed at three 
operations, twentj-nine months liaMng elapsed betw'een the first and the third 
operation Note that all three specimens are similar 


measuring 4 5 bj 3 5 b} 2 5 cm and 15 b} 10 b} 0 6 cm , respectn eh , and together 
weighing 15,600 mg The other side of the neck }}as not explored This was 
before the true nature of the disease }}as appreciated and before it }\as realized 
that two additional enlarged glands }}ere to be expected on tne other side The 
histologic sections showed Iwperparathxroidism with so-called diffuse h}pcrplasia 
In spite of the incompleteness of the operation the serum calcium \alue immc- 
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diately fell to normal, and the urinary calcium and phosphorus values immediately 
dropped (fig 3) The metabolic changes will be discussed in another paper 
Fifteen months after the operation the serum calcium level was still normal 
However, twenty-six months after operation it was clear that hyperparathyroidism 
was again present (fig 3) In June 1936 Dr Oliver Cope explored the other side 
of the neck and found, as expected, two enlarged glands The upper gland. 



Fig 3 (case 16) — Diagram showing the serum calcium and inorganic phos- 
phorus levels in relation to two operations on the parath\roid glands 

measuring 1 1 by 0 8 by 0 4 cm and weighing 455 mg , was excised in toto "^he 
lower gland was resected, a piece estimated as weighing 125 mg being left behind 
The part removed measured 15 bj'^ 1 0 by OS cm and weighed 3,350 mg The 
histologic picture was exactly the same as that of the tissue removed at the first 
operation After this procedure the serum calcium value slowly returned to normal 
(fig 3) ' 
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Case 17 — A more complete history was guen in a prcMOus publication ^ The 

diagnosis of hyperparathyroidism was made in December 1933, when the patient, a 
married woman of 55, entered the hospital with a fourteen months’ historj of 
renal hthiasis The menopause occurred six years before her admission to the 
hospital There was no skeletal involvement or renal impairment 

In figure 4 the preoperative serum calcium and phosphorus \alues are shown, 
together with subsequent values On Feb 14, 1934, Dr Churchill explored the 



DAYS AFTER OPERATION 

Fig 4 (case 17) — Diagram showing the scrum calcium and inorganic 
phosphorus levels m relation to an operation on the parathyroid glands At the 
top of the diagiam the parath}roid glands before and after operation arc 
schematically indicated and compared w’lth four normal paratlnroid glands at the 
extreme left 


parathjroid region and found four Inperplastic glands Three of these were 
remoied, and a specimen was taken from the fourth gland for biopsi The 
rc'^pcctne weights and dimensions of the remo%ed glands were left upper, 2,000 
mg and 2 0 b\ 2 0 b\ 1 0 cm , left low'cr 600 mg and 1 0 b\ 0 8 be 0 4 cm , right 
lower, 800 mg and 1 8 b> 1 2 b\ 0 4 cm The right upper gland, which vas 
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left in place, unfortunately was not measured but was about the size of either 
of the two lower parathyroid glands Roughly, about 500 mg of tissue was left 
behind After the operation the serum calcium level immediately fell to normal 
(fig 4) The \alues were still satisfactory three years later 

Case 23 — For the detailed history, reference should be made to previous pub- 
lications This patient, a married man aged 41, a telephone lineman, entered the 
hospital in February 1934 His symptoms at that time were due to what proved 



Fig 5 (case 23) — Diagram showing the effect of an operation on the serum 
calcium and inorganic phosphorus levels The insert shows the three glands that 
were removed photographed with a conventionalized drawing as a background 
The scale is in centimeters The right upper parathyroid gland was not removed, 
and Its size is indicated by an elliptic black area 


9 (a) Churchill, E D , and Cope, O The Surgical Treatment of Hyper- 
parathyroidism, Based on Thirty Cases Confirmed by Operation, Ann Surg 104 9, 
1936 (b) Albright, Aub and Bauer ® (c) Castleman, B , and Mallory, T B 

Pathology of the Parathyroid Glands in Hyperparathyroidism, Am J Path 11 1, 
1935 (d) Albright, F Hyperparathyroidism A Case with Several Unusual 

Features, Including a Probably’^ Non-Related Chondrosarcoma, Bence-Jones Pro- 
teinuria, and Hy'perplasia of All Parathyroid Tissue, M Clin North America 
18 1109, 1935 

10 Churchill and Cope Albright 
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to be chondrosarcoma of the left ilium It is doubtful tliat this was in am 
waj* related to the h} perparathj roidism Six months prcMOusly he had had renal 
colic on the left side, and some stones had been remo\ed from the bladder 
Roentgen examination showed prostatic calculi Renal function tests ga\e 
excellent results The roentgenograms of the bones, aside from those of the left 
ilium, were not remarkable, the serum phosphatase le%el was onh slightlj elevated 
Altliough the diagnosis of hj'perparath 5 roidism was made at the time of his first 
admission to the hospital, the chondrosarcoma was remoied at that time, and it 
w'as not until Jul 3 * 12 that Dr Churchill explored the parathjroid region 



Fig 6 (case 25) — Diagram show ing the effect of an operation on the serum 
calcium and inorganic phosphorus le\els The insert show^s a photograph of the 
parathjroid tissue remoied The area enclosed by a dotted line indicates the 
amount of the right lower paratlijroid gland left in place 


The preoperatne serum calcium and phosphorus Aalues are shown m figure 5, 
together wnth subsequent values At operation all four parathjroid glands showed 
so-called hjperplasia The right upper one w'as not enlarged measuring 0 7 bj' 
04 cm It was not disturbed, except that a small specimen was remo\ed for 
biopsj The three remaining glands were remoied Thej had the following 
measurements and weights right lower, 130 mg and 08 bj' 06 bj 03 cm , left 
upper, 2,180 mg and 3 0 bj 1 7 bj 0 8 cm , left low er, 160 mg and 11 by 0 6 bj 
03 cm The blood 'values returned promptlj to normal and ha\e remained satis- 
factorj e\er since (fig 5) 
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Case 25 — For the more complete history, reference should be made to a 
previous report The patient entered the hospital in October 1934, at the age 
of 39 There was a four months’ history of renal colic on the right side Roent- 
genologic examination revealed a stone in the right ureter and no evidence of 
osseous disease The serum phosphatase level was normal Renal function tests 
showed normal excretion The stone was removed 

The first serum calcium and phosphorus values are shown in figure 6, together 
with later values Dr Cope explored the parathyroid region on October 27 and 
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Fig 7 (case 26) — Diagram showing the effect of operation on the serum 
calcium and inorganic phosphorus levels The insert shows a photograph of the 
parathyroid tissue removed The area enclosed by a dotted line represents the 
tissue left in place 


11 Albright, F , Sulkowitch, H W, and Bloomberg, E Further Experience 
in the Diagnosis of Hyperparathyroidism, Including a Discussion of Cases with a 
Minimal Degree of Hyperparathyroidism, Am J M Sc 193 800, 1937 Churchill 
and Cope Castleman and Mallory 
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found all four parathyroid glands enormously enlarged He removed all the 
parathyroid tissue except a piece of the lower right gland This piece measured 
07 by 04 by 035 cm and was estimated to weigh 40 mg The weights of the 
removed glands were left upper, 4,960 mg , right upper, 1,630 mg , left lower, 
110 mg , right lower (subtotal), 100 mg After the operation the serum calcium 
value returned to normal and has remained satisfactory ever since (fig 6) 

Case 26 — For a more complete history, reference should be made to a previous 
report The patient, a housewife aged 57, was admitted in January 1935 The 
right kidney was removed elsewhere, m 1931, because of nephrolithiasis During 
the SIX months prior to the present admission to the hospital she had vague aches 
and pains throughout the skeleton Roentgenographic studies showed generalized 
decalcification, indicating the diagnosis Biopsy of bone showed osteitis fibrosa 
Renal function tests showed normal functioning of the remaining kidney 

The preoperative serum calcium and phosphorus values are shown in figure 7, 
together with later values In spite of definite skeletal involvement, the serum 
phosphatase value was not elevated On February 9 Dr Cope explored the 
parathyroid region and found four enormously enlarged glands He removed all 
except a piece of the left inferior gland, estimated to weigh 225 mg The weights of 
the glands removed were as follows left upper, 6,000 mg , right upper, 3,750 mg , 
left lower (subtotal), 860 mg, and right lower, 590 mg The combined weight was 
11,200 mg The serum calcium level returned to normal, where it has remained, 
the patient has improved markedly in weight and strength, and the skeletal pains 
have disappeared 

COMMENT 

A Natuie of the Pathologic Condition of the Pai athyi old Tissue — 
The question has not been definitely settled whether the enlargement 
of the glands in this disease is due to hyperplasia and hypertrophy or 
just to hypertrophy of the cells The weight of the actual mass of 
tissue in our six cases ranged from 19,100 to 2,510 mg, roughly 
one hundred to thirty times normal Gilmour and Martin found 
that the mean and standard deviations for the weight of parathyroid 
tissue are 1176 ±4 mg and 45 97 mg, respectively, for men and 
131 3 ±: 5 8 mg and 45 02 mg for women The diameters of the 
individual cells are approximately three to four times normal size 
Castleman and Mallory gave as the diameter of the normal chief 
cell 6 to 8 microns and as the diameter of the cells in question 10 to 40 
microns Since the volume of a sphere increases as the cube of the 
radius, a fourfold increase in the radius would cause the volume to 
mciease by sixty-four times Thus, a large part, if not all, of the 
increase in size can be explained by hypertrophy of the cells Fuither 
evidence that hyperplasia may be playing a subordinate role is the fact 
that the histologic appearance is entirely different from that seen in 
conditions of kno\vn hyperplasia, e g , rickets and renal insufficiency ^ 

12 Gilmour, J R , and Martin, W J The Weight of the Parathyroid Glands, 
J Path & Bact 44 431, 1937 

12a Albright, F , Butler, A M , and Bloomberg, E Rickets Resistant to 
Vitamin D Therapy, Am J Dis Child 54.529 (Sept) 1937 
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This hypothesis should be subject to proof by careful measurement of 
cell diameters The problem is complicated by the fact that there is 
considerable variation m the size of cells (possibly due to fixing) m 
different sections of the same specimen The subject is under investi- 
gation by Dr Castleman 

One receives the impression from studying sections of tissue from 
these six patients that the parathj^roid disturbance is an “all or none” 
disturbance, in that there is either a maximum degree of disturbance 
or none Thus, the cells m case 23, m which there was the smallest 
mass of tissue, were not noticeably smaller than those m cases 16 and 
26, m which there were the largest masses No mild degree of the 
disease, with only slight enlargement of the cells, has been encountered 
It has not been dispioved as yet that the difference between case 23, in 
which there was 2,510 mg of tissue, and case 26, m which there was 
11,425 mg of tissue, may not have been due to the amount of tissue 
which the patients had before the disease started 

Such a conception fits m with the fact that all three operations 
in case 15 (fig 2) showed the same histologic changes m the parathy- 
loid tissue and that the piece left m at the second operation apparently 
was just the same when seen again twenty- five months later, at the 
third operation The initial cure in case 16 after the first operation, 
followed by a later relapse, however, suggests that the tno remaining 
glands had increased m size between the first and the second operation 
However, it is perhaps significant that this was the only one of the six 
cases m which at any time there was shown a tendency for the condition 
to grow worse as regards the degree of hyperparathyioidism, and in 
this case the facts are not conclusive 

The data m case 15 make it clear that the condition once it is 
established remains indefinitely Thus the history shows that the con- 
dition was present in 1926 , it was still present at the third operation, 
m 1936 Therefore it is fair to assume that the underlying abnormality 
was chronic This, as pieviously discussed, is an important point with 
regard to a decision as to how much tissue to remove at operation, 
because once the patient has had the parathyroid glands resected to a 
point desirable for the so-called hyperplastic state, it would be most 
unfortunate to have the state correct itself 

In figure 8 the serum calcium values have been charted against the 
weights of parathyroid tissue at the various stages in the treatment in 
these SIX cases The pathologic picture of the tissue being absolutely uni- 
form, one would expect a definite correlation between the amount of 
tissue and the amount of serum calcium Such was the case, especially 
if one believes that the two values recorded in case 15 which were not 
in line deviated because of a fourth parathyroid gland, which was not 
found No such correlation occurs in cases of parathyioid adenoma 
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The foregoing obsei rations suggest that the condition undei dis- 
cussion has not yet been pioved to be neoplasia or hyperplasia but 
may be a disorder of function It seems possible, for example, that 
under noimal conditions the parathyroid hormone is made and released 
accoiding to the needs of the body, the stimulus perhaps being a 
tendency for the serum calcium content to fall below 10 mg per 
hundred cubic centimeters In the condition undei discussion there may 
be a disturbance m the production of parathyroid hoimone by the cells, 
the production being tremendously speeded up The release mechanism 



Fig 8 — Diagram showing the correlation between the weight of the para- 
thjroid tissue at the various stages in the treatment of the six patients and the level 
of the serum calcium Question marks and dotted lines indicate points where there 
ma}" be a marked error in the diagram because the fourth gland was never found 
in case 15 Cases I to VI, inclusive, m the diagram correspond to cases 15, 16, 17, 
23, 25 and 26, respectively, described in the text 

mzy still attempt, with only partial success, to hold the hormone back 
as much as possible, and the swelling of the glands ma)’- be due to 
the fact that the cells are distended rvith hormone It would be helpful 
if one knew whether such tissue contains more hormone per unit of 
weight than other parathyroid tissue It would also be interesting to 
know whether the swollen aspect of the cells disappears when the amount 


tuORUHL WEIOHT OF PARATHYROID TISSUE SRAMS 



214 


ARCHIVES OF INTERNAL MEDICINE 


of tissue has been i educed sufficiently so that the serum calcium value 
IS on the low side (case 26) These wholly theoretic observations are 
included here in the hope that the next person encountering such a 
patient will save some tissue for biologic assay 

Case 23 is of interest in that one gland, although histologically 
similar to the others, was no larger than a normal gland — ^weighing 
about 40 mg The laigest gland m this case weighed 2,180 mg If 
one assumes that this gland weighed one-fortieth as much, or 54 5 
mg , before the disease occurred, then the small gland must have 
weighed 1 mg This probably explains why normally one often can 
find only three glands, although embryologic studies have shown that 
four glands are almost sure to be piesent “ 

B Tieatment of the Disease — Regardless of what the exact nature 
of the disease is, it can now be said with a fair degree of assurance that 
the condition is amenable to surgical treatment As previously dis- 
cussed, the underlying pathologic condition is peisistent (for at least 
ten years in case 15), and if the surgeon lemoves all the tissue except 
about 200 mg , it appeals from the data assembled that there should be a 
permanent cure In all the cases here considered the patient has been fol- 
lowed for over two years postoperatu ely, and one patient (case 17) 
who had about 400 mg of tissue left in place is still in an isoparathyroid 
state, over three yeais after operation 

It should be noted that if one leaves out of consideration case 15, 
111 which the possibility of a fouith gland is not unlikely, the removal 
of all but 400 mg or less of paiathyroid tissue was attended by cure 
There are no data for remnants weighing between 400 and 2,510 mg 
(before operation in case 23) Theiefoie, one cannot say that the 
leaving of 1,000 mg , for example, might not be attended by permanent 
cure This is an important question, as the more that can be left in 
without causing lecurrence, the safei the operation will be and the 
less a subsidence of the so-called hyperplastic state is to be feared It 
should be remembeied, of course, that the amount of paiath}ioid 
tissue which must be left in place is inci eased if lenal insufficiency’-® 
or marked osseous disease is present 

C Cause of the Pathologic State of the Paiathyi oid Glands — The 
cause of the pathologic condition lemains completely obscuie In the 
previous papei considerable ciicumstantial evidence was piesented sug- 
gesting that the condition may be secondaiy to an excess of pituitaiy 

13 Dr Collip has informed us that the tissue should be preserved in ten parts 
of acetone for this procedure 

14 Norris, E H The Parathyroid Glands and the Lateral Thvroid m Man 
Their Morphogenesis, Histogenesis, Topographic Anatomy and Prenatal Growth, 
Publication 479, Carnegie Institution of Washington, 1937, p 247 

15 Albright, Drake and Sulkowitch ~ Churchill and Cope 
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parathyrotropic substance No confirmatory evidence has been obtained 
It should be noted that the changes in rabbit parathyroid glands described 
by Hertz and Kranes as the result of injections of pituitary substance 
were of the nature of tiue hyperplasia, with mitotic figures Mitoses 
have not been noted in any of the parathyioid tissue m the disease 
under consideration 

Roentgenographic examinations of the skulls in all six cases failed to 
demonstrate any evidence of a pathologic condition of the pituitary 
body Roentgen radiation of the pituitary Jbody was without benefit 
in case 15 Massive treatment with estrogenic substance (which depi esses 
the pituitary hormone in many cases) had no effect in case 15 Whereas 
two of the patients (cases 15 and 17) had passed the menopause and 
had the expected increase of folhcle-stimulating hormone in the urine, 
no such increase Avas found in cases 16, 23 and 25 In cases 15 and 26 
the sugar curves were definitely typical of diabetes, but there was no 
suggestion of diabetes m the other cases, and the sugar curve was 
peifectly noimal in case 16 

SUMMARY AND CONCLUSIONS 

Six cases of hyperpaiathyroidism with what has previously been 
teimed primaiy hyperplasia of the parathyroid glands are reviewed 
It IS pointed out that the pathologic condition of the paiathyioid 
glands IS histologically dissimilar from that in cases of undoubted 
hyperplasia of paiathyroid tissue, that it has not yet been shown that the 
enormous enlargement of the glands in this condition (about thirty to one 
hundred times) cannot be explained by hypertrophy of the cells and 
that the condition may be a disoidei of hormone production lather 
than hyperplasia 

The studies showed that all the glands from all six patients on all 
occasions levealed a similar histologic picture, it is suggested that 
the tissue change is an “all or none” one 

A distinct con elation was observed between the weight of the 
parathyroid tissue and the degiee of hypeipaiathyroidism , this was in 
marked contiast to the situation in cases of paiathyroid adenoma 

Evidence is presented that the underlying cause of the changes in 
the parathyioid glands is a chionic one (in one case the condition had 
existed for at least ten years) 

Theie was little, if any, evidence of a tendency foi the paiathyioid 
tissue left in place after paitial lesection to regeneiate, so the condition 
IS apparently amenable to peimanent surgical cuie The optimum 
amount of tissue to be left in place at operation has not yet been 
determined, but anything less than 400 mg is probably not too much 
No evidence has been obtained to confiim the hypothesis that the 
condition is secondaiy to OA^eractivit}’’ of some pituitary hormone 
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A COMPARISON OF THE REMOVAL OE INTRAVENOUSLY INJECTED 
BILIRUBIN AND THAT OF BR03MSULPHALEIN 
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CHICAGO 

We ^ have pieviously lepoitecl observations on the effect of ^allous 
experimental pioceduies on the lemoval of mtla^enously injected bili- 
rubin from the blood stieam of the dog These obseivations may be 
biiefly summaiized as follows The noimal rate of removal is extremely 
rapid when compared with that m man, it is chaiactenzed by a prompt 
disappeaiance of 50 to 60 per cent of the amount injected within the 
first five minutes and a subsequent progressive decline in the plasma 
levels so that bilirubin is no longei detectable m the plasma aftei sixt} 
to ninety minutes with a 5 mg per kilogram dose and after ninet} to 
one hundred and twenty minutes with a 10 mg pei kilogram dose , anes- 
thesia pioduces a definite impaiiment in the rate of removal, obstiuc- 
tion of the bile ducts results in an immediate complete impairment of 
removal, reticuloendothelial blockade pioduces a slight but definite 
impaiiment, and the intravenous administration of dechohn sodium has 
only minoi and perhaps negligible effects The removal of intravenoush 
injected dyes such as bromsulphalem fiom the blood stream has been 
used as a method of studying hepatic function Howevei, there are sug- 
gestions m the liteiature that the lemoval of bromsulphalem from the 
blood stieam might not be affected by some of the aforementioned pro- 
ceduies to the same degiee as the remoA’^al of bilirubin For example, 
various woikers, including ourselves, have found that reticuloendothelial 
blockade produces a marked impairment in the lemoval of bromsulph- 
alem from the blood stream ^ Also it is indicated by the work of Snell, 

* Frederick Robert Zeit Fellow in Pathologj'^ 

From the Department of Pathology, Department of Bacteriology and Depart- 
ment of Physiology and Pharmacology, Northwestern University Medical School 

1 Dragstedt, C A , and Mills, M A Am J Physiol 119 713, 1937 

2 (a) Herhtz, C Acta paediat (supp S) 12 1, 1931 (ft) Klein, R, and 
Levinson, S A Proc Soc Exper Biol & Med 31 179, 1933 (c) Mills, 
Af A , and Dragstedt, C A ibid 34 228, 1936 
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Greene and Rowntree ^ and otheis that obstruction of the bile ducts 
IS not followed by immediate impairment of dye removal, as is the 
case with bilirubin The present study was therefoie designed to deter- 
mine the effects of various experimental procedures on the rate of 
removal of bromsulphalein so that a comparison with the obseivations 
on bilirubin could be made, in the hope that the data would aid in the 
understanding of the interrelations between the Kupffer cells and the 
parenchymal cells of the liver and thus in the interpretation of various 
tests of hepatic function 

METHODS 

The dose of bromsulphalein employed m the tests was 2 mg per kilogram of 
body weight injected intravenously Samples of blood (oxalated) were drawn 
five and thirty minutes after the injection The plasma was alkalized by the addition 
of 2 drops of tenth-normal sodium hydroxide, and readings were made m a 
comparator box against freshly prepared standards As is customary with this 
technic, the reported values represent the percentage of dye present in the plasma 
and are computed on the assumption that the volume of blood is 10 per cent of 
the body weight 

In the course of our studies of the plasma levels of bilirubin and brom- 
sulphalein after intravenous injection there have been definite indications that 
the rates of decline of values for these substances have a biphasic character The 
first, or primary, phase may be described as that obtaining during the first five 
minutes (roughly) and the second, or secondary, phase as that subsequent to this 
five minute interval The evidence presented in this paper indicates that various 
procedures may primarily affect one or the other phase, so that it seems of some 
advantage to use these terms descriptively in relating our observations 

RESULTS 

1 Removal of Bromsulphalein m Unanesthetized Dogs — ^The data 
for 18 normal dogs are shown in table 1 The values agree in general 
with those obtained by others Bromsulphalein disappears from the 
blood with great rapidity , 85 to 95 per cent is removed within five min- 
utes and the lemamder within thirty minutes The rate of removal 
IS thus greater than that of bilirubin, 50 to 60 per cent of which dis- 
appears within five minutes, sixty to ninety minutes being required for 
complete removal of the remamdei This ratio holds true when amounts 
of bi omsulphalem up to 5 mg pei kilogiam aie employed Thus the 
major part of the injected bi omsulphalem leaves the blood stream duiing 
the primary phase, while approximately equal amounts of bilirubin are 
1 emoved during the primary and the secondary phase 

2 Removal of Bi omsulphalem in Dogs Dining Anesthesia — The 
data for 29 animals aie showm in table 1 Surgical anesthesia with 
ether or ethei and barbital of from one to two hours’ duration has no 

3 Snell, A M , Greene, C H , and Rowntree, L G Diseases of the 
Liver Comparatne Studj^ of Certain Tests for Hepatic Function in Experimental 
Obstructive Jaundice, Arch Int Aled 3 6 273 (Aug ) 1925 
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appreciable effect on the rate of removal of bromsulphalein from the 
blood stream Comparable degrees of anesthesia materially impair the 
removal of bihitibin Chloroform anesthesia or deep oi piolonged anes- 
thesia with ether and baibital affects the rate of removal of bromsulph- 
alein (see also the aiticle by Rosenthal and Bourne '‘) 

3 Removal of Bi ouisnlphalcw in Dogs After Ligation of the Bile 
Ducts — ^The data for 7 animals after vaiious types of ligation and after 
various inteivals are shown in table 1 Even after ligation of both 
the common and the cystic duct theie is no appreciable reduction in the 
rate of lemoval of biomsulphalem foi periods up to three hours Our 
lesults agree in general with those of Snell, Greene and Rowntree,® 
who employed phenoltetiachloiphthalein after \arious types of ligation 
in dogs and reported that no retention of d3e occurred for a number 


Table 1 — Rate of Removal of luhavciWKsIy Injected Biomsulphalem 

from the Blood Siicam 




Bromsul 

Bromsulphalein, % 



Number 

plialcin, 

/ 

—A 


Procedure 

of Dogs Mg per Rg 

5 Min 

30 Min 

Conditions 

Normal animals 

3 

2 

5 

0 

Normal 


10 

2 

10 

0 

Normal 


3 

2 

13 

0 

Normal 


2 

5 

15 

0 

Normal 

Anesthesia 

3 

2 

10 

0 

Ether 


12 

2 

5 15 

0 

Ether barbital 


4 

0 

10 

0 

Avert in 


3 

2 

15 50 

0 13 

Chloroform 

Reticuloendothelial 

blockade 

14 

2 

30 50 

10 30 

Complete data Ki\cn prcvlou'li 

I/igation of ducts 

2 

2 

5-20 

0 

Common duct, 1 hr 

2 

2 

15 33 

0-20 

Common duct, 24 hr 


1 

2 

10 

0 

Common and cjstic ducts, 1 hr 


1 

2 

1". 

10 

Common and cjstic ducts, 3 hr 


1 

2 

10 

10 

Common and cjstlc ducts, 4 hr 

Decholin 

2 

5 

45 50 

1015 

5 cc dccholin 6 min before test 


2 

2 

40 CO 

05 

2 5 ce dechohn 5 min before test 


of hours or until bihrubinemia resulting from the obstruction was pres- 
ent Our findings obtained with bromsulphalein are m striking contrast 
to those obtained with bilirubin Even if the bilirubin is injected as 
soon after ligation of the ducts as is piacticable, the secondary phase 
of lemoval of bilirubin is completelj^ inhibited 

4 Removal of Biomsulphalem in Dogs Aftei Reticuloendothelial 
Blockade — We-'= have pieviously confirmed the report of Klein and 
Levinson that reticuloendothelial blockade produced by the intra- 
venous injection of india ink produces a marked retention of subse- 
quently injected bromsulphalein The daily injection of 20 cc of 8 per 
cent India ink in saline solution for from three to eight days results in 

4 Rosenthal, S M , and Bourne, W Effects of Anesthetics on Hepatic 
Function, J A M A 90 377 (Feb 4) 1928 
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retention of from 30 to 80 per cent of the dye dunng the primary stage 
and from 10 to 50 per cent during the secondary phase Similar degrees 
of blockade result in some impairment of the removal of injected bili- 
rubin Not only is the retention of bilirubin less striking than that of 
bromsulphalem, but it occurs almost entiiely in the secondary phase 
of the bilirubin curve 

5 Removal of omsiilphalein in Dogs Undei the Influence of 
Dechohn — Decholm (20 per cent sodium dehydrocholate) was employed 
as a cholagogue, as it was thought that an increased rate of excretion 
of bile should have a significant effect on the rate of removal of mate- 
rials excreted exclusively or mainly in the blood Negligible effects 
were observed when dechohn was injected previous to the administration 


Table 2 — Summary of Data 


Condition 

Bilirubin 

Bromsulphalein 

Normal 

50 to 60% removed during primary 
phase, 40 to 50% during sec 
ondary phase 

Rate of removal very rapid, 85 
to 93% m primary phase, 

5 to during secondary phase 

Anesthesia 

Slight effect on primary phase, 
somewhat greater effect an sec 
ondary phase 

No effect in either phase until 
after prolonged or deep 
anesthesia 

Reticuloendothelial 

blockade 

Definite impairment in secon 
dary phase of removal, slight 
effect m primary phase 

Marked impairment in primary 
phase, impairment of secon 
dary phase 

Obstruction of bile 
ducts (without bill 
rubinemia) 

Immediate and complete Impair 
ment of secondary phase 

No initial impairment of either 
phase, later impairment of sec 
ondary phase, then primary 
phase 

Dechohn 

Negligible effect in pnmary phase, 
possibly some augmentation of 
secondary phase 

Marked impairment of primary 
phase, slight effect on secon- 
dary phase 


of bilirubin and during the ensuing two hours after the injection m the 
normal dog The injection of dechohn before that of bromsulphalem, 
however, resulted in retention of the dye This effect was most marked 
during the primary phase of the curve and was usually absent in the 
secondary phase 

COMMENT 

The available evidence indicates rather conclusively that both brom- 
sulphalein and bilirubin when injected intravenously are ultimately 
almost completely excreted by the liver in the bile Nevertheless the 
two substances leave the blood stream at different rates and these rates 
of removal from the blood stream are affected both qualitatively and 
quantitatively in different degrees by various procedures The con- 
spicuous feature of the removal of bromsulphalem from the blood 
stream is the abrupt fashion with which 85 to 95 per cent disappears 
within five minutes It is inconceivable that this proportion of the 
d}e IS excreted so rapidly m the bile, and direct observations on the 
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appearance of the dye m the bile confirm this view “ A significant 
proportion (50 to 60 per cent) of the injected bilirubin likewise leaves 
the blood stream within five minutes, but the lemaining portion (40 to 
50 per cent) not only is considerably in excess of the corresponding 
remnant of bromstilphalein but may also be more readily associated with 
its excretion in the bile Anesthesia, which depresses the secretion of 
bile, impairs the secondary phase of removal of bilirubin more markedly 
than that of bromsulphalem Ligation of the bile ducts, which completely 
suppresses the secretion of bile, likewise impairs the removal of bilirubin 
more strikingly than it does in the case of bromsulphalem We ° have 
elsewhere presented evidence that such retention of dye as does occur 
after ligation of the ducts is subsequent to and related to the ensuing 
bihrubinemia 

Moderate to marked retention of bromsulphalem occurred in all 
animals m which blockade with india ink was carried out,® the degree 
generally varying directly with the postulated degree of blockage (as 
indicated by the number of daily injections of india ink) Although 
both the primary and the secondary phase of dye removal are affected, 
the more marked retention seems to occur during the former This 
IS in contradistinction to the rate of removal of bilirubin The amount 
of bilirubin which is removed during the primary phase is only slightly 
less than that for the normal animal, and the more marked interference 
with removal of the pigment occurs during the secondary phase of the 
curve 

The intravenous administration of dechohn to noimal or anesthetized 
dogs either had no effect or appeared to facilitate the lemoval of bili- 
rubin to some extent Similar injections of dechohn before injections 
of bromsulphalem, however, resulted in a striking retention of the 
injected dye Thus, measures which suppress the secretion of bile do 
not correspondingly suppress the removal of bromsulphalem from the 
blood stream, and a measure which increases the secretion of bile not 
only does not enhance the removal of the dye from the blood stream 
but actually interfeies with it As opposed to this, measures which 
suppress the secietion of bile impair the removal of intravenously 
injected bilirubin, and, conveisely, measures which increase the output 
of bile either facilitate the remoA'al of the pigment fiom the blood stream 
or have no appreciable effect 

5 Dragstedt, C A , and Mills, M A Proc Soc Evper Biol & Med 34 
467, 1936, Am J Physiol 119 713, 1937 

6 In speaking of reticuloendothelial blockade in connection with this article, 
we feel that a “blockade” produced by intravenous injections of india ink mav 
probably be considered to be no more than a temporary and incomplete reduction of 
function of the littoral cells of the reticuloendothelial system (those m direct 
contact with the blood stream) and that there is little evidence that any other cells 
of the system are more than slightly affected (Mills, M A To be published) 
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CONCLUSION 

It IS thus clear that, used as a test of hepatic function, the rate of 
removal of intravenously injected bromsulphalem from the blood stream 
when abnormal does not indicate the same pathologic condition as would 
corresponding alterations in the test with bilirubin The evidence is 
largely circumstantial, but it seems fairly well indicated that the removal 
of bromsulphalem from the blood stream is brought about chiefly by 
the activity of the reticuloendothelial system (of which the Kupffer 
cells in the liver constitute an important fraction) and that, correspond- 
ingly, disturbances in the removal of dye reflect some impairment of 
function in this system of cells Aside from the initial fractional 
removal of bilirubin (which can probably be accounted for by diffusion 
into the tissue, engulfment by the reticuloendothelial system, etc ), the 
removal of bilirubin from the blood stream seems to be dependent on 
and related to its excretion in the bile, and, correspondingly, distur- 
bances in the removal of bilirubin reflect some impairment in this func- 
tion, which IS presumably related to the parenchymal cells of the liver 



EXCRETION OF BILE PIGMENT AND HEPATIC 
FUNCTION IN DISEASES OF THE BLOOD 

W HALSEY BARKER, MD 

BALTIMORE 

The excretion of an abnormally large amount of bile pigment has 
long been recognized as an almost constant feature of pernicious anemia 
in relapse Furthermore, the excretion of bile pigment has been found 
to return to normal after the institution of adequate treatment ^ The 
significance of these observations has given rise to considerable contro- 
versy One school of thought - holds the view that the bile pigment 
formed in the normal course of destruction of blood or possibly through 
some activity of the liver apart from that of the destruction of blood 
cannot be utilized for the formation of new blood in patients with 
pernicious anemia and hence is excreted almost quantitatively The 
second school ® regards the increased excretion of bile pigment in per- 
nicious anemia as evidence of excessive destruction of red blood cells 
In this study the metabolism of bile pigment in various forms of blood 
dyscrasia has been investigated, and the results in pernicious anemia 
have been compared with those obtained m other forms of anemia 

The quantitative determination of the urobilinogen excreted m the 
feces IS generally accepted as the most reliable method of studying the 
excretion of bile pigment m human beings Jaundice, an elevated serum 

From the Hospital of the Rockefeller Institute for Medical Research, New 
York 

1 (a) Watson, C J The Average Daily Elimination of Urobilinogen in 

Health and in Disease, with Special Reference to Pernicious Anemia, Arch Int 
Med 47 698-726 (May) 1931 (6) Farquharson, R F , Borsook, H , and Gould- 

ing, A M Pigment Metabolism and Destruction of Blood in Addison’s (Perni- 
cious) Anemia, ibid 48 1156-1185 (Dec ) 1931 (c) Filo, E Die Wirkung der 

Leberbehandlung auf die Bildung und Ausscheidung der Gallenfarbstoffe bei 
pernizioser Anamie, Folia haemat 44 368-384, 1931 

2 Whipple, G H Pigment Metabolism and Regeneration of Hemoglobin in 
the Body, Arch Int Med 29 711-731 dune) 1922 , Hemoglobin Construction 
Within the Body as Influenced by Diet Factors Consideration of Anemia Problems, 
Am I M Sc 175 721-733, 1928 Castle, W B , and Minot, G R Pathological 
Physiology and Clinical Description of the Anemias, New York, Oxford University 
Press, 1936, p 10 

3 Krumbhaar, E G Thoughts on the Morbid Processes Active in Pernicious 
Anemia, Am I M Sc 175 523-527, 1928 Dock, W The Importance of Hem- 
olysis in the Pathogenesis of Macrocytic Anemia, in Medical Papers Dedicated 
to Henry Asbury Christian, Baltimore, Waverly Press, Inc , 1936, pp 545-558 
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content of bilirubin and an increased urinaiy content of urobilin are all 
suggestive of an increase in formation and excretion of bile pigment 
but cannot be accepted as conclusive proof of it, since each of these 
three signs, alone or in any combination, may be found in the presence 
of hepatic disease when the total excretion of bile pigment may be 
normal or even subnormal It is foi that leason that in this study 
the average daily output of urobilinogen in the feces has been chiefly 
relied on as an index of the output of bile pigment Parallel with the 
determinations of urobilinogen m the feces, the output of urobilinogen 
in the urine has been quantitated in most cases, and in order to obtain 
a better idea of the condition of the liver, one or more tests of hepatic 
function have been made in certain of the cases studied 

The two tests of hepatic function which have been employed in this 
study are (1) the test of bilirubin excretion and (2) the test of hippuric 
acid synthesis The first, introduced by Eilbott ^ and von Bergmann ® 
in 1927, has recently been developed by Harrop and Barron ® and by 
Soffer and Paulson in this country Softer ® has stated that he regards 
it as the most sensitive test of the excretor}’’ function of the liver In 
1932 Quick ° introduced a test for hepatic function based on the syn- 
thesis and excretion of hippuric acid after the oral administration of 
sodium benzoate Since the synthesis depends on the conjugation of 
benzoic acid (an aromatic compound) with ammoacetic acid to form 
hippuric acid, Quick said he regaids this test as a measure of the 
protective mechanism of the body In view of the distinct possibility 
that a hemolytic toxin may play a role in the etiology of pernicious 
anemia, in addition to the fact that certain other types of blood dys- 
crasia appear to be produced by aromatic compounds (eg, benzene, 
arsphenamine and aminopyrine), it was desirable to have a test of the 
ability of the liver to detoxify such substances 

4 Eilbott, W Funktionsprufung der Leber mittels Bilirubinbelastung, Ztscbr 
f klin Med 106 529-560, 1927 

5 von Bergmann, G Zur funktionellen Pathologic der Leber insbesondere 
der Alkohol-Aetiologie der Cirrhose, Klin Wchnschr 6 776-780, 1927 

6 Harrop, G A , and Barron, E S G The Excretion of Intravenously 
Injected Bilirubin as a Test of Liver Function, J Chn Investigation 9 577-587, 
1931 

7 Soffer, L J , and Paulson, M Comparative Advantages and Further Modi- 
fication of the Bilirubin Excretion Test for Hepatic Function, Am J M Sc 
192 535-540, 1936 

8 Soffer, L J Present-Day Status of Liver Function Tests, Medicine 
14 185-254, 1935 

9 Quick, A J Conjugation of Benzoic Acid with Gljcine, a Test of Liver 
Function, Proc Soc Exper Biol & Med 29.1204-1205, 1932, The Synthesis of 
Hippuric Acid A New Test of Luer Function, Am J M Sc 185 630-635, 1933 
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METHODS 

Exaction of Ui obthnogcn — The content of urobilinogen in the feces and in 
the urine was determined quantitatively by Watson’s modification of Ter- 
wen’s original method The method depends on reducing urobilin to urobil- 
inogen with ferrous hydroxide and then combining the urobilinogen with 
paradimethylaminobenzaldehyde to produce a red solution which can be compared 
colonmetncally with a phenolphthalein standard 

Stools were collected over a three or four day period Two different methods 
of collection were employed (a) The stools were collected on waxed paper and 
kept in a previously weighed cardboard carton in the ice box until the end of the 
collection period The carton was then weighed once more, and the total weight 
of the stool was thus determined The total three or four day collection of stool 
was thoroughly mixed in a mortar, and a 5 Gm aliquot was taken for determina- 
tion of the urobilinogen content (b) Stools were collected in large enamel buckets, 
which were kept m the ice box until the end of the collection period Sufficient 
water was added to make up a thick suspension, which was transferred to a 2 liter 
glass bottle and stirred for fifteen to thirtj' minutes with an air-drnen stirring rod 
After the suspension had been rendered homogeneous, the whole was measured, 
and a S to 20 cc aliquot was taken for the determination of urobilinogen This 
second method proved more satisfactorj 

Urine for the determination of urobilinogen was collected over a twenty-four 
to forty-eight hour period, 10 cc of a saturated alcoholic solution of salicjhc acid 
or 2 cc of toluene serving as a preservative The collection bottles w’ere kept in 
the ice box 

The results are expressed in terms of the average twenty-four hour output of 
urobilinogen in milligrams Watson has given the follow'ing upper limits of 
normal in the feces, 250 mg for males and 175 mg for females , in the urine, 2 
to 2 5 mg a day 

Hepatic Function Tests — (a) The bilirubin excretion test w'as carried out in 
the manner described by Harrop and Barron , in the earlier tests the colorimeter 
was employed, whereas more recently the potassium dichromate standards devised 
by Soffer and Paulson for direct comparison w’lth the acetone-treated blood plasma 
have been used The patients were given 1 mg of bilirubin per kilogram of body 
weight intravenously Retention of more than 5 per cent of the injected bilirubin 
after four hours is regarded as evidence of hepatic dysfunction 

(b) The test of hippuric acid synthesis w'as carried out according to the original 
directions of Quick, the sodium hydroxide titration being employed in preference 
to the more complicated ether extraction method Although the method actually 
determines the amount of hippunc acid in the urine, the results are expressed m 
terms of benzoic acid Quick concluded that normal persons should excrete at 
’^st 3 Gm of benzoic acid within four hours after the ingestion of 5 9 Gm of 
sodium benzoate Thus tlie excretion of less than 3 Gm of benzoic acid in four 
hours may be regarded as evidence of hepatic damage, provided intestinal absorp- 
tion and renal function are normal 

10 Since the present study was undertaken C J Watson (Am J Clin Path 
6 458, 1936) has published a further modification of the method which gives more 
satisfactory measurements of urobilinogen m the urine but makes little difference in 
determinations of this substance in the feces (Watson, C J Personal communi- 
cation to the author) 

11 Terwen, A J L Ueber ein neues Verfahren zur quantitativen Urobilin- 
bestimmung in Harn und Stuhl, Deutsches Arch f klin Med 149 72-101, 1925 
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Exaimmtion of the Blood — For blood counts and hematocrit determination, 
4 cc of venous blood was placed in a small rubber-stoppered glass bottle with 
0 02 cc of a 20 per cent solution of potassium oxalate as an anticoagulant Stand- 
ardized pipets and counting chambers were emploj^ed for cell counts The hemo- 
globin value was determined by the Sahli method, 100 per cent representing 14 5 
Gm per hundred cubic centimeters of blood Reticulocjdes were counted in blood 
smears made on cover slips previously stained with brilliant cresyl blue and subse- 
quently counterstained with Wright’s stain Wintrobe hematocrit tubes were 
employed in determining the volume of packed erythrocytes, from which the mean 
corpuscular volume was readity calculated The icterus index was determined b}' 
the Meulengracht method 

The fragility of the erythrocytes was determined by the usual method, 1 drop 
of a SO per cent suspension of washed red blood cells being added to 2 cc of the 
saline solution Saline dilutions from 0 5 to 0 26 per cent, kept in stock bottles, 
were employed for routine tests , when markedly increased fragility necessitated 
it, fresh solutions were made up, beginning at 0 8 per cent A control test was 
made with each unknown Since the minimum resistance for controls was always 
at 0 46 or 0 44 per cent, hemolysis beginning at 0 48 per cent or above was regarded 
as signifying decreased minimum resistance (or increased fragility) , hemolysis 
beginning at 0 42 per cent or below, as evidence of increased minimum resistance 
(or decreased fragility) With the control levels for maximum resistance varying 
from 0 36 to 0 34 per cent, complete hemolysis at 0 38 per cent or above was 
regarded as sigmfying decreased maximum resistance, complete hemolysis at 0 32 
per cent or below, as evidence of increased maximum resistance 

MATERIAL 

The present study included 74 patients with blood dyscrasias for whom deter- 
minations of urobilinogen were carried out Either the bilirubin excretion test or 
the hippuric acid synthesis test of hepatic function or both were performed on 48 
of the 74 patients The patients were divided into five groups, according to the 
disorder presented, as follows (1) pernicious anemia and sprue, (2) hemolytic 
anemias, (3) aplastic anemias, (4) leukemias and (5) miscellaneous conditions, 
which included primary hepatic disease, Banti’s syndrome, polycythaemia vera and 
Hodgkin’s disease Complete blood counts were made for all patients, and addi- 
tional data, such as erythrocyte fragility, reticulocyte counts and icterus index, 
were obtained in many cases The results of these studies will be discussed sepa- 
ratel}'^ under the individual headings 


RESULTS 

Gioup 1 Pernicious Anemia and Spine — Fourteen patients make 
up this group 10 with typical Addison’s pernicious anemia, 1 with 
pernicious anemia of pregnancy, 1 with macrocytic anemia associated 
with intestinal anastomosis and 2 with tropical sprue 

The average daily excretion of urobilinogen in the feces was deter- 
mined in 9 of the 10 cases of pernicious anemia during relapse, and 
in 8 of the 9 cases the values obtained were well above the upper limit 
of normal, the highest value being- 1,050 mg per day in case 2 One 
patient (case 4) in a mild relapse gave a normal value In the 4 cases 
in which determinations of the urobilinogen excretion were carried out 
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after adequate therapy with liver extract, the values had returned to 
normal levels The observation that the amount of urobilinogen excreted 
in the feces is as a rule elevated during a relapse of pernicious anemia 
and returns to normal after liver therapy confirms the findings of 
numerous other workers Two patients (cases 2 and 5), who were 
followed duiing the pretreatment and post-treatment periods, well illus- 
trate the progressive decrease in the rate of excretion of bile pigment 
after tieatment has been instituted (charts 1 and 2) Case 2 (chart 1) 



Chart 1 (case 2) — A man aged 23 with pernicious anemia The output of 
urobilinogen m the feces was determined before and after therapj' with liver 
extract Note the transient improvement after a single injection of liver extract 
and the secondary rise in the reticulocj'te count, with continued improvement, after 
intensive therapy with liver extract In this chart the values for the color index 
(C I) have been multiplied by 10, and the values for tlie mean corpuscular volume 
(M C V ) m cubic microns have been divided by 10 In charts 1 to 4 the per- 
centage values for hemoglobin {Hb ) have been divided by 10, and the values for 
erythrocytes (R B C ) have been divided by 1,000,000, 

is of particular interest The patient was given intramuscularly l>cc 
of a concentrated liver extract, the amount deiived fiom 100 Gm of 
whole liver The reticulocyte count rose to 23 per cent on the fifth 
day after the injection, and there was a slight improvement in the blood 
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values coincident with a distinct decrease in the level of urobilinogen 
in the feces This was only transient, for ten days later the excretion 
had again risen to the pretreatment level With more intensive paren- 
teral therapy with liver extract a second rise in the reticulocyte count 
occurred, and the urobilinogen content of the feces gradually dropped 
to a normal level, as did the icterus index , coincident with these changes 
the erythrocyte count and the hemoglobin value rose rapidly, while the 
color index and the mean corpuscular volume fell toward normal It is 
of some interest that the output of urobilinogen remained \\ell above 



Chart 2 (case 5) — A woman aged 55 with pernicious anemia Note the return 
of the output of urobilinogen to normal after intensive therapy with liver extract 
In this chart the values for the color index (C /) have been multiplied by 100 

normal throughout the period of the reticulocyte response, that is, at a 
time when cell production and new hemoglobin formation were going on 
at a maximum rate This observation, which is scarcely compatible with 
the theory of nonutihzation, suggests that hemolysis was going on at 
an abnormally lapid rate even after active erythropoiesis had set in 
In case 6 a similar situation was presented, with the output of pigment 
remaining well above normal even after a maximum reticulocyte 
response of 60 per cent 

Chart 2 also illustrates the progressive drop in the output of urobi- 
linogen after the institution of therapy with liver extract in a case of 
relatively mild pernicious anemia 
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The excretion of urobilinogen in the urine was increased in 5 cases 
and was normal in 4 cases of pernicious anemia in relapse In case 6, 
when the urobilinogen in the urine was followed befoie and after 
therapy with liver extract, the level fell rapidly to a low noimal value 
The patient with pernicious anemia of pregnancy (case 11) showed 
low values for urobilinogen in both feces and urine 

In the case of macrocytic anemia associated with intestinal anasto- 
mosis (case 12) it was impossible to obtain satisfactory collections of 
stool because of diarrhea However, the low icterus index and the low 
value for urobilinogen in the urine may be regaided as evidence against 
excessive hemolysis 

Two patients with tropical sprue gave low values foi uiobihnogen 
in the feces at a time when the stools were pasty and gray-white but 
not actively diarrheal For 1 patient (case 13) an average daily value 
of only 3 mg of urobilinogen was obtained for the feces, with only 
a trace of urobilinogen appearing in the urine A qualitative test for 
unchanged bilirubin gave a negative leaction Since theie was no jaun- 
dice or other evidence of retention of bile, it seemed probable that the 
pigment was being excreted in a nondetectable form Manson-Bahr 
has stated that sprue stools have a light color, not because of a decrease 
in the amount of bile pigment excreted but because the pigment is 
excreted in a colorless reduced state as urobilinogen The coirectness 
of this hypothesis is open to question (1) because sprue stools tend 
to maintain their light color even after exposure to air and sunlight, 
whereas urobilinogen should be oxidized to red-brown urobilin under 
such conditions, (2) because such an exceedingly low value foi bile 
pigment in typical sprue stools has been obtained with a method designed 
for determination of the urobilinogen quantitatively 

Bilirubin excretion tests of hepatic function were perfoimed on 7 
of the 10 patients with pernicious anemia Three patients showed a 
four-houi letention of more than 5 per cent, however, since the original 
bilirubin level of the seium was above 1 mg per hundred cubic centi- 
meters m 2 of these cases, extreme caution must be taken in intei preting 
the lesults as evidence of hepatic damage ® It is somewhat puzzling that 
there was no retention of bilirubin in 4 cases in which the original 
bilirubin level of the serum was above 1 mg per hundred cubic centi- 
meteis The patient with the intestinal anastomosis and 1 patient with 
tropical spiue excieted bilirubin normally 

Variable results weie obtained with the hippuric acid c^mthesib test 
foi this gioup of patients Three patients with pernicious anemia 
(2 had not been treated and 1 had been) gave normal lesults, wheieas 

12 Alanson-Bahr, P H Manson’s Tropical Diseases, ed 10 Baltimoie, 
William Wood & Company, 1936 
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2 gave low results Foi 1 of the latter (case 6) the amount of liippunc 
acid excreted lose somewhat after the administration of liver extract 
but still remained well below normal Fonts, Helmer and Zerfas “ 
found a reduction in the excretion of hippuric acid in the majority of 
then cases of pernicious anemia in relapse, with variable improvement 
after tieatment The excretion of hippuric acid was somewhat lower 
than noimal in 1 case of tropical spiue (case 13) and was even lower 
in the case of macrocytic anemia associated with intestinal anastomosis 
Poor absorption of the sodium benzoate from the intestinal tract may 
well have been a factor in these 2 cases In the latter case a normal 
result was obtained aftei the diarrhea had been controlled by appro- 
priate theiapy 

Gionp 2 Hemolytic Anemias — ^The excretion of urobilinogen was 
studied in 7 cases of hemoljtic anemia — 3 cases of typical congenital 
hemolytic jaundice, 1 case of questionable erythroblastic anemia (case 
18), 1 case of severe chronic hemolytic anemia of undetermined etiology 
(case 19) and 2 cases of acute hemolytic anemia presumably due to 
benzene poisoning Well marked anemia was present in 6 of the 7 cases 
All 7 cases weie characterized by jaundice, splenomegaly, a high icterus 
index and reticulocytosis , inci eased fragility of the red blood cells 
was present in the 3 cases of congenital hemolytic jaundice and in the 
case in which chionic hemolytic anemia de^ eloped late in life 

The striking feature in all 7 cases \\as a marked increase in urobil- 
inogen in the feces, varying from 350 mg a day in case 18 (a boy of 
6 years) to 1,517 mg a day in case 19 The urobilinogen in the urine 
was definitely increased in only 2 cases 

Splenectomy was performed in the 3 cases of congenital hemolytic 
jaundice, in each case the uiobihnogen in the feces dropped to a low 
normal value within two weeks after operation The output of uro- 
bilinogen was still within normal limits one year later in case 15 and 
six months later in case 16 Coincident with the drop in urobilinogen 
value, the erythrocyte count and the hemoglobin level rose, and the 
icterus index and the reticulocyte count fell to normal Erythrocyte 
fragility remained abnormal, although there was a tendency for the 
minimum lesistance to return toward normal in cases 15 and 16 

Case 18 was that of a Greek boy aged 6, who piesented a clinical 
picture of jaundice, hypochromic microcytic anemia, hyperbilirubinemia, 
reticulocytosis and increased output of pigment with decreased fragility 
of the erythrocytes, in contrast to the cases of congenital hemolytic 
icterus The absence of nucleated red cells in the peiipheral blood and 
the lack of characteristic skeletal changes cast some doubt on the diag- 

13 Fouts, P J , Helmer, O M , and Zerfas, L G The Secretion of Hippunc 
Acid in Pernicious Anemia, Am J M Sc 193 647-652, 1937 
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nosis of erythroblastic anemia, although the sternal bone marro^^ pre- 
sented a picture of normoer 3 dhroblastic hyperplasia After treatment 
with liver and iron preparations had failed to improve the blood picture 
during a one year period of observation, it was decided to perform 
splenectomy in the hope of decreasing the rate of hemolysis The 
immediate result w^as gratifying, as showm m the accompanying table, 
however, the erythrocyte count, hemoglobin value and reticuloc}d;e per- 
centage gradually returned to preoperative levels, and the icterus index 
slowly rose after the patient was discharged from the hospital The 
urobilinogen determination three weeks postoperatn ely w'as essentiall}’- 
normal, suggesting that splenectomy had stopped temporarity the exces- 
sive hemolysis However, the subsequent course made it appear that 
other organs had taken over the function of red blood cell destruction , 
unfortunatel}’" it was not possible to carry out further studies of the 
excretion of pigment to confirm this impression 

The bilirubin excietion test of hepatic function was performed on 
only 1 patient of the group (case 19), m whom hepatic damage was 
suspected Although the serum bilirubin value was 1 63 mg per hun- 
dred cubic centimeters, there was no retention of the injected bilirubin 
after four hours This result is comparable to that obtained in certain 
cases of pernicious anemia m relapse 

The hippuric acid test gave normal results for the 3 patients 
tested (cases 16, 19 and 21) 

Group 3 Aplastic Anemtas — ^Aplastic anemia is used here in the 
broad sense to include anemia that is refractory to any known foim 
of therapy in which the bone marrow is (1) hypoplastic to aplastic, 
(2) cellular but immature, (3) of Hodgkin’s type or (4) sclerotic 
Twenty-five patients make up this group 

One or more determinations of the output of urobilinogen m the 
feces were made in all 25 cases, and the output of urobilinogen in the 
urine was determined in 19 of the cases In only 8 of the 25 cases 
were the values for urobilinogen in the feces above Watson’s upper 
limit of normal, and in 6 of the 8 the increase was slight In the great 
majority of the cases the values were well within normal limits, abnor- 
mally low values w^ere rarely encountered Urobilinogen in the urine 
was within normal limits in 13 of the 19 cases studied, m 2 cases (cases 
26 and 38) there was ele\ation of the urobilinogen in the urine propor- 
tional to the mciease m urobilinogen in the feces, vhereas in 4 cases 
(cases 25, 44, 45 and 46) there was a well marked increase in urobilino- 
gen in the urine, with normal values for the feces The increased 
urobilinuria suggested hepatic damage in these 4 cases, and this sug- 
gestion was borne out b} fuither evidence of hepatic dysfunction in 
3 of the 4 
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The output of urobilinogen in the feces was followed over a pro- 
longed period in 1 case (case 27) of aplastic anemia in which there 
was hypoplastic fatty mariow (chart 3) A sharp increase in the rate 
of excretion of urobilinogen followed each blood transfusion It had 
been noted that the improvement in the blood picture following trans- 
fusion was transient, an observation which suggested that the patient 
was hemolyzmg transfused blood The urobilinogen values before and 
after a transfusion supported this h3'pothesis On one occasion the 
average daily value for urobilinogen in the feces rose from 108 mg dur- 
ing the three-day period before the transfusion to 600 mg during the 
corresponding period immediately after the transfusion The excretion 
of pigment then decreased gradually to the original level until after the 



Chart 3 (case 27) — A man aged 19 with aplastic anemia showed hypo- 
plastic bone marrow The chart illustrates the striking increase in the output of 
urobilinogen following transfusions 

next transfusion This was followed by a sharp though less pronounced 
rise m the urobilinogen in the feces to 350 mg a day The chart shotvs 
that the improtement in the hemoglobin level tvas maintained ovei a 
longer period after the second transfusion, apparently because less of 
the transfused blood was lost through hemolysis Since there was 
a febrile reaction to the first transfusion and no reaction to the second, 
it IS conceivable that either fever or the sudden hemolysis of a large 
number of the transfused cells may have been responsible for the 
increased excietion of pigment At each transfusion whole blood was 
given by the direct multiple syiinge method, 2 different donois of the 
same blood group as the patient being used In view of the increase 
in output of pigment following a blood transfusion, it is obviously advisa- 
ble to wait at least a week after a transfusion before beginning to 
collect stool for study of the urobilinogen , otherwuse a false high value 
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may be obtained As a further illustration of this principle, in case 37 
t\\o determinations of urobilinogen in the feces were carried out The 
first collection period ran from the second to the fifth day after a trans- 
fusion, and a rather high average daily value, 212 mg , was obtained 
During a second collection period, two weeks after the transfusion, the 
average output was much lower, 76 mg a day 

The details of the clinical course of this group of patients will be 
discussed elsewhere However, the 2 patients of the group who were 
subjected to splenectomy (cases 26 and 38) may be briefly mentioned 
here In each case the presence of abnormally large amounts of uro- 
bilinogen in the feces suggested that a hemolytic factor was playing a 
role in the production of the anemia After various forms of medical 
therapy had proved ineffective, it seemed justifiable to remove the 
spleen in the hope of decreasing the rate of hemolysis In case 26 
the output of urobilinogen dropped from a preoperative level of 230 
mg a day to 60 mg six weeks postoperatively The patient was able 
to go five months without a transfusion, whereas for six months prior 
to operation she had required one transfusion a month Eight months 
after splenectomy the v^alue for urobilinogen m the feces was extiemely 
low, 20 mg a day Thus splenectomy appeared to remove a hemolytic 
factor and thereby to bring about temporary improvement, yet the ulti- 
mate outcome of the disease was the usual one, with death occurring 
from intercurrent infection nine months after the operation 

The other splenectomized patient (case 38) has not been observed 
over a sufficiently long postoperative period to allow of definite conclu- 
sions as to the value of the operation He was first followed oAer a 
period of six months, during which therapy with v^arious hemopoietic 
agents failed to modify the course of his illness to any appreciable 
extent Transfusions were given at intervals of three to four weeks 
Multiple determinations of urobilinogen were made for this patient 
(chart 4) It is of interest that practically all the preoperative values 
obtained were well abov^e the upper limit of normal Values within 
noimal limits were obtained after the first course of liver extract was 
giv’-en paienterally, although there was no improv'-ement in the blood 
level during this period, furthermore, a second course of parenteral 
treatment with liv^er extract exerted no appreciable effect on the abnor- 
mally high level of urobilinogen All that can be said at present of 
the effect of splenectomy in this case is that the patient seemed distinctly 
improved, after eight months of hospitalization, the majority of the 
time being spent in bed, he was able to be up and about and to go home, 
even though a severe grade of anemia was still present Two determina- 

14 Rhoads, C P , Miller, D K , and Barker, W H Unpublished data 
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tions of urobilinogen, made six and seven weeks, i espectively, after 
operation, gave values near the upper limit of normal, suggesting that 
hemolysis had been i educed 

For 4 patients with normal values foi urobilinogen in the feces 
(cases 25, 44, 45 and 46) the values for urobilinogen m the urine vere 
distinctly above normal, suggestive of hepatic dysfunction In 3 of the 
4 cases there was further eAudence of hepatic dysfunction fiom other 
tests In 15 cases of aplastic anemia the urobilinogen A'^alue for the 
urine was either normal oi elevated in proportion to the fecal value 

Hepatic function tests Avere performed on 16 of the 25 patients m 
this group Seven patients gave normal results for both the bilirubin 
excietion test and the hippuric acid synthesis test, 1 patient gaA'^e a 



Chart 4 (case 38) — A man aged 34 with aplastic anemia showed immature 
cellular marrow The output of urobilinogen in the feces remained Avell abo%e 
normal over a prolonged period, suggesting excessive hemolj'sis There Avas an 
apparent reduction in the rate of hemolysis after splenectomy 

normal lesult foi the only test performed and 8 shoAved evidence of 
hepatic damage A foui-hour bilirubin letention above 5 pei cent AA^as 
present in 6 cases , a four-hour excretion of benzoic acid beloAV 3 Gm , 
in 4 cases, and evidence of hepatic dysfunction by both tests, in only 2 
cases Thus 50 per cent of the patients on Avhom hepatic function tests 
Aveie pel formed gave evidence of hepatic damage There does not 
appear to be a definite association betAveen the type of mariOAv and the 
hepatic dysfunction 

Tests of erythrocyte fragility were carried out in 13 of the 25 
cases In 10 cases there Avas a normal range, m 1, slightly inci eased 
fragility (case 31), and in 2, someAAdiat decreased fragility (cases 36 
and 37) 

Gionp 4 Leukemms — Determinations of urobilinogen in tbe urine 
and in the feces Avere made for 9 patients suftering from vaiious forms 
of leukemia The value for the feces Avas definitely elevated m 2 caseb 
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(cases 47 and 53) It is well to recall heie case 21, discussed eailier 
m connection with the cases of hemolytic anemia This patient showed 
severe hemolytic anemia ^Mth puipura after exposuie to benzene and 
subsequently died of acute myelogenous leukemia When he ^^as seen 
two months before death, the clinical findings and the picture of the 
bone marrow were those of hemolytic anemia, and proof of leukemia 
was not at hand Attention has been directed to the presence of hemo- 
Ijdic anemia in association with leukemia by several authois, among 
them Jaffe and Beltiametti and his associates^® In other cases of 
leukemia the anemia appears to be due entirely to the replacement of 
eiythroid with myeloid tissue This was probably the case in the othei 
patients of this group, foi w^hoin the output of pigment was either 
normal (cases 49, 50, 52, 54 and 55) or unusually low^ (cases 48 and 51) 

The urobilinogen content of the urine w^as elevated in 2 cases (cases 
49 and 55), with normal values for the feces, once more suggesting 
hepatic d}sfunction 

The incidence of hepatic dysfunction w^as high foi the group of 
patients w'lth leukemia, 3 of the 6 patients tested show'ed abnoimal 
four-hour retention of bilirubin, and 3 of the 4 patients tested show^ed 
a foui-hour excietion of benzoic acid below 3 Gm 

Gioup 5 M'lscellaneoiis CondtUons — This gioup includes patients 
with se\eral different forms of blood dysciasia who cannot be included 
in the four othei groups There w^ere 2 cases of chionic h}pochiomic 
miciocytic anemia, 5 cases of Band’s syndrome 2 cases of polycythaemia 
vera, 6 cases of cirrhosis of the livei and 1 case each of thrombopenic 
puipuia, abdominal Hodgkin’s disease wuth leukopenia, Gaucher’s dis- 
ease and chronic nephritis with uremia 

For 18 of the 19 patients in the group the output of urobilinogen in 
the feces was determined In 1 case of Banti’s s}ndrome (case 59) and 
1 case of polycythemia (case 64) there w^as a slight elevation of the 
urobilinogen m the feces above normal , in the other 16 cases the values 
weie normal or low'^ (case 56 and 60) In case 65 (that of a woman with 
polycythaemia vera) the output of urobilinogen w'^as studied before and 
after therapy wuth phen 5 dhydrazine The condition proved lefractor}'^ to 
the tieatment in the dosage used, and theie was a relativel} slight rise 
in excretion of pigment, which was reflected in lack of appreciable 
iinpiovement in the blood picture 

The low’^ value for urobilinogen in the feces in the case of uremia 
(case 74) suggests that the refractor} anemia of chronic nephritis is 
aplastic rather than hemolytic 

15 Jaffe, R H Er 3 thropoiesis in Leukemia, Folia Iiacmat 49 51-63, 1933 

16 Beltrametti, L Rettanni, G , and Bascape, A L’anemia nelle leucemic, 
Haematologica 18 337-370, 1937 
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The aveiage daily excretion of urobilinogen in the urine was 
determined for 17 of the 19 patients of the group In 2 cases of Banti’s 
syndrome (case 59 and 62) and m 3 of the 6 cases of hepatic cirrhosis 
(cases 66, 67 and 69) the excess of urobilinogen m the urine in the 
presence of normal quantities m the feces may be regarded as evidence 
of hepatic damage It is of mteiest that the quantity in the urine 
letuined to noimal after splenectomy in 1 case of Banti’s syndrome (case 
62) 

In only 1 of the 5 cases of Banti’s syndrome was there failure to 
show evidence of hepatic damage b}^ at least one of the tuo hepatic 
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Chart 5 (case 66) — A woman aged 44 had cirrhosis of the liver and macro- 
cytic anemia The hepatic function and the excretion of urobilinogen were followed 
for nine months 


function tests employed in 4 cases theie was low excretion of hippunc 
acid and m 1 case (case 60) maiked retention of bilirubin as well The 
excretion of hippunc acid lose to normal after splenectomy m 2 cases 
(cases 58 and 62) 

In 5 of the 6 cases of suspected ciirhosis of the liver, evidence of 
hepatic dysfunction was shown by at least one of the two tests A four- 
hour excretion of benzoic acid of only 0 84 Gm was found m 1 case 
(case 69), but impaired renal function was piobably a factoi contribut- 
ing to this low value 

In another case of cirrhosis of the liver (case 66) the lesults of 
repeated hepatic function tests have been charted over a relatively long 
period, with the urobilinogen values determined at mteiwals (chart 5) 
The excretion of benzoic acid remained remarkably constant between 
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1 4 and 2 Gm in four hours , uiea cleaiance \\as normal m this case, and 
there was no apparent inteiference with intestinal absoiption, so that the 
abnoimally low excietion of hippuiic acid here may be accepted as e\i- 
dence of poor hepatic function The foui-hour letention of bilirubin 
fluctuated widely with diffeient tests, from 0 to 55 pei cent Since the 
seium bilirubin value was constantly elevated above 1 mg pei bundled 
cubic centimeteis, the lesults are difficult to interpret The absence of 
biliiubm retention, as shown by tuo tests, even though the seium bihiubin 
value was elevated above 1 mg pei hundred cubic centimeters, is also 
confusing Similai results weie obtained in ceitain cases of pernicious 
anemia previously discussed It is conceivable that undei some condi- 
tions the hepatic thieshold foi serum bihiubin becomes stabilized at a 
level considerably higher than noimal and that the hvei varies in its 
power to excrete an amount of bihiubin laismg the serum level aboAe 
the new thieshold In the case undei discussion the uiobilinogen in the 
feces remained quite constant at a low normal level, between 75 and 90 
mg a day The urobilinogen in the urine was always w'ell above normal, 
varying from 5 6 to 10 7 mg a day This constant elevation of the uro- 
bilinogen in the urine, with noimal values for the feces, gave additional 
evidence of seveie hepatic damage in this case Theiapy with liver 
extiact and ascorbic acid appealed to benefit the patient consideiably, 
but no objective evidence of impioved hepatic function ivas obtained 
unless the drop in letention of bihiubin may be accepted as such 

Eiythrocyte fragility w^as studied in 3 cases of Banti’s syndrome, 3 
cases of cirihosis of the liver and 1 case of polycythemia Although the 
minimum lesistance (the point at wdiich hemolysis begins) was normal, 
the maximum lesistance was inci eased in all 7 cases to betiveen 0 32 and 
0 28 per cent 

COMMENT 

This study of the excietion of bile pigment in 74 cases of disease 
of the blood was made to investigate the role of destiuction of blood 
in the pioduction of anemia Although it has been suggested that bile 
pigment may be produced thiough some independent activity of the liver 
and need not be derived from hemoglobin, no proof foi this hypothesis 
IS furnished, and the majority of ivorkers are inclined to accept the 
theory that the hemoglobin of the blood is the sole souice of bile pig- 
ment Except in the presence of hepatic disease oi of obstruction to 
the biliaiy tract, practically all the bile pigment excreted appears as 
steicobilin in the feces The stercobilm can be quantitated ivith con- 
siderable accuiacy by Watson’s modification of the Tenven method, 
the lesult being expressed in terms of uiobilinogen The average daily 
output of uiobilinogen in the feces may then be regarded as an index 
of the breakdown of hemoglobin or the destiuction of blood 
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A maiked inciease in the output of urobilinogen in the feces was 
the rule foi two groups of patients with blood d>scrasias— those \Mth 
pernicious anemia in relapse and those with hemolytic anemia The 
quantity of urobilinogen excieted in a case of severe pernicious anemia 
in 1 elapse may be just as great as that m a case of congenital hemolytic 
jaundice The occuirence of inci eased destruction of blood in congenital 
hemolytic jaundice is universally accepted, and it seems as logical to 
accept excessive hemolysis as an impoitant factor in pernicious anemia 
Theie is no adequate proof as to whether the inci eased destiiiction of 
blood 111 pernicious anemia is due to the presence of large numbers of 
abnoimal erythiocytes which aie leadily destroyed by the normal bieak- 
down mechanism of the bod)’' oi to the activity of a circulating hemolytic 
toxin 

The observations on pigment metabolism in the aplastic anemias and 
the hypochromic miciocytic anemias fuinish furthei e\idence against 
the nonutilization theory of excessne excietion of pigment in pernicious 
anemia Normal oi low values foi uiobilmogen in the feces were 
obtained in most cases of aplastic anemia and in all cases of h}po- 
chromic microcytic anemia studied In the aplastic anemias, cell forma- 
tion is obviously inadequate, and in the hypochromic anemias the pro- 
duction of new hemoglobin is depiessed Unless destruction of blood 
IS fai below noimal in such cases, according to the nonutilization theoiy, 
one might expect an output of pigment far above noimal, jet the 
opposite is the case That a maiked deciease m destruction of blood 
should occur in such cases appeals no more likely than the possibility 
of a marked inciease m destruction of blood in pernicious anemia 

Ceitam other points of interest aiose m the course of this study of 
excretion of uiobilmogen The pictuie of acute hemolytic anemia has 
been found to occui occasionally in association with acute leukemia con- 
firming the obseivation of previous woikers on the subject Of pai- 
ticular interest weie 2 cases of benzene poisoning wuth hemolytic anemia 
and puipuia, 1 patient made a complete recovery, and the other died 
of acute myelogenous leukemia Cabot and Mallory^' have lepoited a 
somew’hat similai case of fatal hemolytic anemia, which they attributed 
to benzene poisoning Since benzene is faiilj’^ w’ell established as one 
cause of clinical thrombopenic puipuia and aplastic anemia, as w’ell as 
of expeiimental gianulopenia and leukemia it appears likely that this 
aromatic compound may cause almost any conceivable type of bone 
mariow disturbance If this should piove to be the case, it wmiild 
bring the hemolytic anemias, the aplastic anemias, the leukemias, the 
granulopenias and the puipuras much closei together fiom the etiologic 

17 Benzol Poisoning with Bleeding Gums, Hemolytic Anemia, and Actne 
Marrow, Cabot Case 13321, Boston M &. S J 197 236-239, 1927 
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standpoint, that is, these vaiious foims of blood dysciasia might be 
regarded as diffeient types of response to a single chemical toxin or to 
closely related aiomatic compounds 

The lapid hemolysis oh transfused blood, as shown by a shaip use 
in the excretion of urobilinogen in the feces after tiansfusion, deserves 
further consideration heie This phenomenon probably furnishes an 
explanation for the failuie of many patients with seveie anemia to 
deiive moie than transient benefit from a tiansfusion Also it selves 
as a warning in interpietmg the results of determinations of uiobilinogen 
earned out shoitly after a tiansfusion, foi if stools are collected during 
a peiiod immediately aftei a tiansfusion, a value may be obtained that 
IS much higher than the true “basal” value for the particular patient 
It IS advisable to wait at least ten days to two weeks after a transfusion 
before starting stool collections foi deteimmation of the uiobilinogen 
exci etion 

In certain cases of lefiactoiy anemia a high uiobilinogen value in 
the feces, serving as an index of inci eased destiuction of blood, may 
justify splenectomy as a theiapeutic measuie with the hope of cutting 
hemolysis down to a minimum and theieby eliminating a hemolytic 
factoi In 2 such cases splenectomy was followed by sufficient evidence 
of impiovement to wan ant fuithei tiial in selected cases 

The uiobilinogen in the mine may or may not be increased m pro- 
poition to the uiobilinogen in the feces The value foi the urine is 
theiefoie not a safe index of iiici eased exci etion of pigment or of 
inci eased desti uction of blood , it is of moi e value as an index of hepatic 
function, for an increased quantity in the mine in the piesence of a low 
01 noimal amount in the feces may be legaided as conclusive evidence 
of hepatic dysfunction, as Watson has lecently shown 

In addition to the deteimmation of urobilinogen m the mine, two 
other tests of hepatic function weie employed — the bilirubin excretion 
test and the hippuric acid synthesis test At least one of the three tests 
of hepatic function was peifoimed in 63 of the 74 cases, and m 35 of 
the 63 cases (56 pei cent) theie was evidence of reduced hepatic func- 
tion The incidence is sufficiently high to suggest that a poorly 
functioning hvei may be of etiologic significance m vaiious types of 
blood dysciasia In 24 (71 pei cent) of the 34 cases in which all 
thiee tests of hepatic function w'^eie pei formed, evidence of hepatic 
damage was shown by at least one test, the uiobilinogen content of 
the urine was elevated in 10 of the 24 cases, the biliiubin test gave a 
positive reaction m 13 and the hippmic acid test gave a positive reaction 
111 16 In only 3 of the 34 cases did all three tests gn'^e positive lesults, 

18 Watson, C J Studies on Urobilinogen III The Per Diem Excretion 
of Urobilinogen in the Common Forms of Jaundice and Disease of the Liver, 
Arch Int Med 59 206-231 (Feb ) 1937 
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but all thiee tests gave negative lesults in 10 of the 34 cases These 
obseivations serve to emphasize the importance of cairymg out seveial 
tests 111 each case befoie concluding that hepatic function is normal or 
abnoimal A single test showing a jiositive result is highly suggestive 
of hepatic damage, wheieas a single test showing a negative result is 
of little significance The possibility that anemia pei se with hepatic 
ischemia is responsible foi the impairment of hepatic function seems 
unlikely in view of the fact that in 7 of the 10 cases in which there was 
no evidence of hepatic damage by any of the three tests, pronounced 
anemia was present, with a hemoglobin level of 50 pei cent oi below 

Since the Inei is recognized as the piincipal detoxifying organ of 
the body, the high incidence of hepatic damage in various forms of 
blood dyscrasia suggests that haimful substances inadequately detoxified 
by an ailing hvei may damage the bone maiiow and thereby give rise 
to pecuhai lefiactory anemias oi even leukemias 

SUMMARY AND CONCLUSIONS 

The excretion of uiobilmogen has been studied in 74 cases of blood 
disease The aveiage daily output of urobilinogen in the feces is 
legaided as an index of the rate at yIucIi erythrocytes are being 
destroyed in the body 

Abnormally high values foi urobilinogen in the feces were obtained 
in the cases of hemolytic anemia and in most of the cases of pernicious 
anemia in i elapse, these values letuined to noimal aftei splenectomy 
in the cases of congenital hemolytic jaundice and after adequate liver 
theiapy in the cases of pernicious anemia 

Based on these observations, the conclusion is i cached that destiuc- 
tion of blood is inci eased m pernicious anemia, even though the disease 
may not be piimarily a hemolytic anemia 

The anemia occuiiing m association with leukemia is occasionally 
hemolytic In rare cases of aplastic anemia a hemolytic factor is appai- 
ently active, splenectomy in 2 such cases was followed by tempoiaiy 
improvement 

Transfusion of veil matched blood may at times be followed by a 
striking increase in the cxcietion of bile pigment, suggesting that the 
better part of the transfused blood is lapidly hemolyzed m such 
instances 

In 63 of the 74 cases of blood disease the hepatic function nas 
studied by one oi more of three tests the test foi uiobilmogen in the 
urine, the bihiubm excietion test and the hippuiic acid synthesis test 
Evidence of hepatic dysfunction was obtained in over 50 per cent of 
the cases, suggesting that a disturbance in the function of the hvei may 
play a significant lole in the pathogenesis of many of the blood 
dyscrasias 
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ST LOLtlS 

I REPRODUCTION OF THE DISEASE BY AIEANS OF 
INTRAVENOUSLY INJECTED STREPTOCOCCI 

The fact that the treatment of bacterial endocarditis remains unsuc- 
cessful emphasizes the difficulty involved in understanding this disease 
The utter failure to treat the disease successful!}' with such immunologic 
agents as seiums and vaccines indicates also that the factors at work 
within the animal body are distinctive and for the most part unidenti- 
fied In a general way, two facts seem to be established by clinical 
studies first, the patient who acquires bacteiial endocarditis has invari- 
ably suffered previous injury to the tissues of the valves, and, second, 
bacterial endocarditis is established by the implantation in or on this 
injured valve of bacteria, usually nonhemolytic streptococci, which gam 
access to the blood stream through the medium of a local infection 
such as phaiyngitis or otitis media In some instances it is not known 
that previous injury to a valve existed It is possible that an acute 
erosive injury to the valve leceived during an acute infection such as 
pneumonia may be followed piomptly by implantation of bacteria 
Recentl)'^ repoited studies of Nedzel ^ revealed the effect of intravenous 
injections of pitressm on the integrity of the endothelium of the mitial 
valve Furthermore, it may be necessary to suppose that an old injury, 
iheumatic in orgiii, must be awakened by the mtercuirent local infection 
in Older foi the valve to be susceptible to implantation Again, there 
are certain instances in which the presence of an alleged intercurrent 
local infection cannot be discovei ed b) physical examination or by study 
of the history and the route of infection remains undetermined How 
the influence of exposure to cold operates is not clear, but such exposure 
may be the only feature of the history The possibility of infection 
through the intestinal tract is by no means fanciful 

The mere recital of these features indicates how difficult it is even 
to state the question when approaching the discussion of this disease 

From the Department of Internal Medicine, St Louis University School of 
Medicine 

1 Nedzel, A J Experimental Endocarditis, Arch Path 24 143 (Aug ) 

1937 
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The present repoit deals with an attempt to appioach the problem, 
fiist, b}^ reproducing the disease in dogs and then by studying the 
effect of experimental tieatment 

MLTIIOD 

Dogs weighing about 10 Kg each were used These animals are sufficiently 
robust to tolerate the experimental conditions and possess carotid arteries large 
enough to admit the instrument used to injure the valves 

The instrument used is a plated rod, about 2 mm in diameter, which is tapered 
slightly and terminates at one end in a hook the inner border of which is be\eled 
on both sides to gne a cutting edge The hook is compressed m its transverse 
diameter so as not to increase materially the width of the instrument at the point 
where it enters the arterj A suitable handle fits the other end of the rod The 
length of the rod is about 18 inches (46 cm ) These measurements are 
influenced by the length and the sire of the lumen of the carotid arterj-^ 

The neck w'as shaved, and tincture of iodine was used to cover the site of 
operation, over the right carotid artery After anesthesia w'as established wuth 
ether or amytal, an incision w'as made o\er the line of the right common carotid 
artery Appropriate dissection exposed the carotid sheath The artery was 
clearly isolated for 2 or 3 inches (5 to 8 cm ) of its length, and two ligatures of 
linen w'ere slipped beneath the artery The distal ligature was tied When the 
artery w'as lifted with the left index finger, the vessel could be compressed and 
a small cut could be made through the w'all wuth a sharp scissors Pressure by 
thumb and forefinger stopped the loss of blood, and the hooked end of the instru- 
ment W'as inserted through the cut and the rod w’as slid dow'n into the aortic 
orifice of the heart With practice it was possible to acquire the abihtj of 
perforating an aortic cusp When the instrument w'as withdraw’n, the cutting 
edge of the hook severed the cusp If the aortic valve w’as not engaged, it w'as 
easy to hook the edges of the nearbv mitral leaflet The establishment of suitable 
injury was determined bj the production of a loud murmur that persisted after 
the hook was withdraw'n into the carotid artery The proximal ligature was 
then tied, and the wound w'as closed 

Infection of the injured valve w'as attempted by the inoculation intravenously 
of a twenty-four hour plain broth culture of nonhemob'tic streptococci of little 
or no virulence for white mice It was considered important to Avait at least 
thirty days after the operation before injecting these bacteria 

Culture of the blood was made by drawing blood from the left jugular vein 
Agar was considered to be the best medium, since it permits the more definite 
identification of contaminating bacteria Measured amounts of blood were used 
in order to determine the number of colonies In case of doubt, the identity 
of colonies in relation to the strain injected w'as established by comparing fer- 
mentation reactions in the usual mediums containing carbohj'drates 


RESULTS 

In a previous lepoit" the pioduction of stieptococcic endocarditis 
was described At the time of that report the animals studied Ined 
from twelve to eighteen days after infection of the injured valve The 
peiiod was too shoit foi the study of theiapeutic agents, even though 

2 Kinsella, R A Proc Soc Exper Biol & Med 20 2S2, 1923 
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all the salient features of the disease in human beings were reproduced 
Also, the conditions of the expeiimental infection -were too severe to 
peiinit measured stud} The chief modifications in procedure which 
led to more favorable lesults were the emplo}ment of streptococci of 
low Mrulence and the infection of the animals after allowing at least 
thirt} days to elapse aftei the operation With our present method, 
healthy dogs will toleiate the operation, lemain in good condition until 
infected and then withstand the experimental disease for twenty-five 
days Occasionally an animal lives for more than thirty-five days Suc- 
cessful! implantation of the cultures is determined by obtaining positive 
results of blood culture lepeatedly 

Aho^hve Infection — This has occuiied not infrequently, as demon- 
strated by the recoveiy of streptococci m small numbers, viz , two to five 
colonies per cubic centimeter of blood, follow^ed by repeatedly steiile 
cultuies with the animal remaining healthy This curious occurrence may 
have its representation in human beings with acute iheumatic endocaiditis 
for wdiom one or more positive results of blood culture are obtained with- 
out the establishment of bacterial endocaiditis Whether or not in such 
cases there are colonies of bacteria implanted on the surfaces of the 
injured valves without the production of underl}ing leaction was not 
determined except for those dogs which were tieated by the method to 
be described later in this papei , nor was it possible to determine why 
such transitory bacteremia occurs without complete development of bac- 
terial endocarditis The animals in such cases are not as definitely sick 
as they are when the bacteremia becomes continuous, nor do they dis- 
play the peripheial embolic effects of the fully developed infection 

Death Rate — No animal w'-as CA'-er found to have recovered from 
the definitely established infection of a cardiac valve Eighty-seven 
dogs were studied in Avhich increasingly severe illness characterized by 
embolic episodes attended the continuous bacteremia 

Bactei enna — Figuie 1 presents the curve for colony counts in 
typical fatal bactei emia The bacteremia was uniformly of the increas- 
ing type, the colonies beginning in low concentration and ending in 
countless numbers The shorter the duration of life, the more acute 
the angle of ascent of the curve representing the colony counts This 
IS unlike the appearance of the chart in cases of bacteremia in human 
beings In the latter case the colony count is maintained at a uniform 
leAel, either high or low, throughout life 

Suppj essed Bacteremia — It seems likely that whateA^er factor con- 
trols the bacteremia, keeping the number of colonies per cubic centi- 
meter of blood at a constant level, is associated with protection In 
order to inquire into the question of AAhether or not immunization to 
stieptococci IS lesponsible for control of bacteremia, experiments A\ere 
earned out 
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A In the fiist senes of these experiments, 6 animals weie inoc- 
ulated two weeks after valvotom}' with cultuies of living streptococci, 
previously exposed foi thirty minutes at 37 C to the action of serum 
of dogs that had died of the infection This seium caused the organ- 
isms to become agglutinated Four of these 6 animals displayed a 
tendency to constancy of the colon}'' count (figure 2 illustiates this 
lesult) As other animals at a later date, suiviving for thiih to thirt}- 
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Fig 1 — Bacteremia in a dog that had not been treated The coloin count 
indicates tlie number of colonies per cubic centimeter of blood 


five days, also displayed this tendency without being infected by such 
agglutinated bacteiia, it is unsafe to conclude that the agglutinins so 
injected conveyed any influence lesponsible foi the suppressed bac- 
teremia 

B In a second senes of expei iinents, 2 dogs pieviously injuied by 
valvotomy received intravenous injections of killed cultures of non- 
hemolytic streptococci etery foui days until five such injections had 
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been made At this time the serum of both animals gave strong aggluti- 
nation reactions with the cultures used for injection Subsequent 
injections of living cultures pioduced the usual fatal disease 

C In a third series of experiments, 4 animals previously injuied 
by valvotomy received injections of living hemolytic streptococci 
m one knee joint Although local inflammatory reaction developed, 
culture of the blood remained sterile in each instance for ten days One 
animal was killed and showed a traumatized cardiac valve without infec- 
tion The other 3 animals were successfully infected by intraA^enous 
injection and at autopsy displayed typical bacterial vegetation 

Pathologic Featmes — The accompanying photogiaphs illustrate 
effectively the complete similaiity between the experimental infection 
and the disease m human beings 



Fig 2 — Bacteremia produced by the use of agglutinated organisms 

The vegetations (fig 3) were of varying sizes and showed a capa- 
city to spread infection by contact Thus a vegetation originating on 
an injury of one of the aortic cusps would apparently cause a vegeta- 
tion to develop on the nearby leaflet of the mitral valve Even when 
no gross evidence of vegetation could be seen, inspection of the tissue 
under the microscope revealed spreading bacterial growth along the 
surface of the valve, onto the auricular surfaces and along the surfaces 
of the chordae tendineae, often without any underlying cellular response 
Microscopically (fig 4) the vegetation consisted of dense masses 
of bacteria, loosely held m a matrix of pmk-stammg material, with rich 
leukocytic infiltration of the undei lying v’-alvular structures 

Typical embolic localizations occurred in the kidney and spleen 
Cerebral infarction vas not infrequent More interesting were the 



Fig 3 — A shows \cgetatioii on the aortic cusp, B shows \egetation on 
the mitral Aahe 



Fig 4 — ^Microscopic stud 3 '^ of the A'-egetation on the mitral valve, showing 
colonies in a pink-staining matrix, wnth an underlving zone of neutrophils and 
lymphocytes 
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minute vascular lesions winch veie piesent in the brain, heart (fig 5), 
skeletal muscles and glomeruli (fig 6) These lesions seemed to begin 
as punctate hemoirhages which became infiltiated with leukocytes and 
finally with small lound cells The animals did not show any later 
development of the lesions These lesions could easily account for 
the disturbances sometimes manifest in the electrocardiogram, probably 
foi the mental changes in human beings, foi the appearance of led and 
white blood cells in the mine, foi the petechiae which appeared in the 
conjunctiva and in the skin of some of the animals and for the spotted 
appeaiance of the suiface of the kidneis (fig 7) These lesions have 



Fig 7 — Photograph showing the tjpical “flea-bitten” kidiie} 


often been assumed to be of embolic foimation Seiial sections made 
through a petechial lesion in the skin failed to throw light on then mode 
of formation 

COMjMENT 

Bacterial endocaiditis can be pioduced in dogs by the methods 
desciibed This disease in dogs presents featuies identical with those 
obseived m the disease in human beings The difference in the bac- 
teiemia is quantitative and no doubt depends on the absence of those 
factors which make the duiation of the disease m human beings moie 
prolonged Of particulai inteiest aie the lesions m the kidneys — the 
glomeiular thromboses (fig 8), so chaiacteiistic of the disease in human 
beings The fatal chaiactei is In^allable in dogs — as it seems to be in 
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human beings Variations occur, implantation of bacteria being 
defeated either because of failure of the bacteria themselves to gam a 
foothold or because of some indifference on the part of the tissues The 
evidence obtained does not support the idea that animals can be immun- 
ized eithei by intravenous inoculation of killed streptococci or by the 
establishment of a local infection Nor were we able to bring about 
infection of the injured valve thiough the medium of such a local infec- 
tion 



Fig 8 — Photomicrograph showing thrombosis of part of a glomerular tuft 


The assumption is invited that infection of the valve in human 
beings, if it does occui through the medium of local infection, is fur- 
ther encouiaged b} changes going on in the injured valve itself which 
make implantation possible According to this reasoning, an old rheu- 
matic lesion of the valve does not become converted into bacterial endo- 
carditis with any and ever}’- intercurrent bacteremia which may occur 
dm mg the life of the individual but leqtiiies some change in its own 
economy to bung about such a disaster 
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II TREATMENT OF THE DISEA.SE 
Many attem]3ts have been made to effect a cine m patients suffering- 
from bacterial endocaiditis Perhaps the Iiteiature does not contain a 
description of the most bizarre of these attempts Serums, variously 
produced, and vaccines aie some of the agents employed These agents 
are so uniformly unsuccessful that the inference might be drawn that 
the immunologic approach to treatment cannot succeed 

This pait of our repoit deals with the study of the effect of treating 
the experimental disease by mtia\enous injection of an oiganic mer- 
cuiial drug f mei thiolate) and b) oial admmistiation of sulfanilamide. 



Fig 9 — Bacteremia lasting for eighty-six daj's In charts 3 to 7, 5 indicates 
intravenous injection of 10 cc of a culture of streptococci, il/, injection of 10 cc 
of 1 per cent solution of merthiolate 

TREATMENT WITH MERTIIIOL\TE 

Method — Animals were prepared bj the method previouslj" described Care 
was taken to select dogs weighing from 10 to 12 Kg One month was allowed to 
elapse after the operation before streptococci were injected intiavenousjj^ When 
the resulting cultures juelded onlj' a few colonies per cubic centimetei of blood, 
several positive results of blood culture were obtained before merthiolate w’as 
injected In this w'av the possibility of an “abortive infection” was excluded 
When bacteremia was established, w'lth a high colonj' count, merthiolate was used 
without w'aiting for further positive results of blood culture 
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Buffered merthiolate ^\as used in most instances in a dosage of 1 cc of 1 100 
dilution to each kilogram of bodj’’ weight of the dog When a dilution of 1 1,000 
was used, less effect was noted The diluent was isotonic buffered salt solution 
For this part of the study there w'ere 14 animals from w'hich acceptable eMdence 
could be obtained Other animals were excluded on account of accidents w'hich 
interfered with the experiment 

Clinical Results — During the attempts to treat animals with mei- 
thiolate, it Avas found to be especially true that stiains of stieptococci 
differ in their capacity to produce bacteremia Thus the strain which 
was called CH immediatel} produced infection, wuth counts of over 



Fig 10 — Bacteremia lasting for seventy-five days This animal was killed 
eight and one-third months after operation Culture of the blood at autopsy 
was sterile 

1,000 colonies per cubic centimetei of blood Against this type of bac- 
teremia, merthiolate was scarcely effective, producing onl) slight reduc- 
tions in the colony count There Avere 5 animals in this group 

A strain called G, which Avas unfortunately lost after a short time, 
produced a type of bacteremia characterized by a small number of 
colonies per cubic centimeter of blood This type of infection yielded 
readily to intraAenous injections of merthiolate There Avere onl} 2 
animals in this group, and both were apparently completel} cured 
(figs 9 and 10) One of these animals AA^as killed fort3^-four days 
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aftei being infected and twenty-three days aftei the last positne lesult 
of blood cultuie The othei animal was allowed to live for eight 
months aftei the last positive lesult of blood cultuie 

SeA^en of the animals studied were given intraA'enous injections of 
cultures of a stiain of streptococci called WK This strain seemed to 
stand midway between G and CH as to viiulence for dogs and produced 
a type of bacteiemia which lapidly increased in severity and tended to 
lecui even aftei successful sterilization AMth merthiolate 



Fig 11 — Bacteiemia lasting for thirt} clays The animal was killed after thiee 
months, culture of the blood was sterile 

Three animals in this senes (figs 11 and 12) Avere appaienly cured 
In 1 of these animals (fig 11) bacteiial masses Avere seen micioscopic- 
ally on the suiface of the valve, Avithout undei lying cellulai i espouse 
(fig 13) Although cultures of the heart blood made at autopsy Atere 
sterile, tbe tissue of the A^alve Avas not giound foi culture It is theie- 
foie impossible to state Avhethei the bacteria Aveie viable This intei- 
esting obserA^ation aviII be discussed later 
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In 1 case (fig 14) there was an apparent cuie, although the animal 
died of pneumonia before observations were completed This animal 
likewise displayed bacterial masses without underlying leaction (fig 4) 
One animal (fig 15) was treated without cure but with piolongation 
of life and with a definite effect on the severity of the bacteremia The 



Fig 12 — Bacteremia lasting for seventy-three days At autopsy, culture of 
the blood was sterile 

apparent explanation of the failure of the diug m this case is to be 
found in the fact that insufficient amounts of merthiolate were employed 
The last 2 animals in this series which weie given injections of 
strain WK were incompletely obseived because death intervened (in 
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1 case due to cerebral infaiction and in the othei to pneumonia) befoie 
the effects of meithiolate (already favorable) could be established 

Of the 9 animals given injections of stiains G and WK, 5 were 
clinically cuied, 2 showed lemarkable improvement and 2 were incom- 
pletely observed because of early death 

EQ^ect of Successful Tieatmeut on Reaction of the Tissues of the 
Valves — As has aheady been shown (fig 3), the disease established 
on the injuied valve piesents gioss and micioscopic featuies identical 
with those observed m human beings The vegetations consist of 



Fig 13 — Photomicrograpli showing the remains (^) of heaiy bacterial vege- 
tation in a cured animal Note tlie absence of signs of underlying reaction in 
the tissue of the valve 

masses of bacteiia enciusted on the surface of the valve and neighbor- 
ing endocardium Immediately underneath these bacterial masses is 
a dense infiltration of leukocytes, occupying most of the thickness of 
the valve In the cases of 2 animals (figs 9 and 12), both of which 
had apparently lecovered from infection and which yielded sterile blood 
culture at autopsy, masses of bacteria, peihaps dead, occupied the sur- 
face of the valve, but there was no undei lying leaction in the tissues 
It IS unfortunate that such valves were not ground and cultures made 
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to deteimine the viability of the bacteiia in question It can probably 
be assumed that these bacteria were not viable That they did not break 
away from the surface of the valve and cause embolic eftects seems 
remarkable Analogy is suggested with the condition of the valves 
observed in some cases of acute rheumatic fever in human beings 
recently discussed by Von Glahn and Pappenheimer ^ These patients 
showed transient!}^ positive lesults of blood culture and at autops}' the 



Fig 14 — Bacteremia lasting for thirty-two da 3 ’^s At autopsy the culture of 
the blood was sterile 

valves were studded with microscopic colonies of streptococci, without 
underlying reaction m the tissues The evidence presented by the study of 
experimental bacterial endocarditis in dogs suggests no relation between 
acute rheumatic fever and bacterial endocarditis As a matter of fact, 
the two diseases are never seen in human beings simultaneously The 

3 Von Glahn, W C , and Pappenheimer, A M Relationship Between 
Rheumatic and Subacute Bacterial Endocarditis, Arch Int Med 55 173 (Feb ) 
1935 
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question is left open as to whether merthiolate kills the bacteria 
diiectly 01 lenders the tissues underlying the implanted masses impel - 
vious oi indififeient 

Appeal mice of the Healed Valve — In those animals which were 
cuied and which came to autopsy between six and eleven months after 
sterile cultuie of the blood was obtained continuously, the microscopic 
appeal ance -was that of glistening veinicae, coaisei than those seen m 



Fig 15 — Bacteremia lasting for thirty-nine days >9 indicates injection of 
10 cc of a culture of streptococci The fiist injection of merthiolate (1 1,000), 
M, consisted of 1 cc , the second, of 2 cc 

human beings with old iheumatic disease Mici oscopically (fig 16 A) 
there was a granulomatous arrangement, with fiequent large but not 
definitely polynuclear cells — a pictuie sometimes, but most piobably 
incorrectly, likened to that of Aschofl: bodies A compaiison of such 
a picture with that of the valve which has been injured and has healed 
without infection (fig 16 5) is inteiestmg 
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It seems to be logical to compaie the healed infected ■\alve with the 
healed rheumatic valve of a human being Furthei studies aie pro- 
jected in which such animals will be reinfected and a lepetition of the 
therapeutic attempts will be carried out 



Fig 16 — A, cross section of a valve that had healed after the infection 7 
B, cross section of a valve that had healed after trauma without infection 

The failure of meithiolate and sulfanilamide to be useful in the 
treatment of human beings with streptococcic endocarditis and then 
success in the treatment of dogs may depend on the rather fundamental 
difference between the infected traumatized valve in the dog and the 
infected diseased valve in the human being 
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TREATMENT WITH SULEANILAMIDE 

The successful tieatment of stieptococcic infections with sulfanil- 
amide (paia-aminobenzenesulfonamide) by Long and Bliss ‘ in this 
country, aftei the investigations of Domagk ° and others in Europe, has 
given emphasis to the study of chemotheiapy in infectious diseases We 
have had success in the tieatment of experimental, endocarditis with 
meithiolate We have not, howevei, been able to apply this theiapy 
successfully to endocaiditis in human beings and therefore have con- 
tinued to search foi a moie satisfactory drug Sulfanilamide was chosen 
for further investigation since its applicability to human beings was 
already proved Fuitheimore, it was deemed wise to note the effects of 
the drug in the experimental animal befoie giving it to the patient suffer- 
ing from subacute bacteiial endocaiditis 

Method — Five clogs weighing 10 Kg each were anestlietizcd bj the admin- 
istration of a barbiturate into a \cin The carotid artery was exposed, and the 
hooked instrument was passed down into the heart An attempt vas made to 
injure a vahular leaflet, if a murmur persisted after withdrawal of the instru- 
ment, success was indicated 

All the animals had persisting inurmurs after recovery from the operation 
About two w'eeks after the operation each dog except dog 137 was gi\en 10 cc 
of a culture of Streptococcus viridans mtravenousb Dog 137 was fed Str 
vindans for thirty-three days before the organisms were given lntra^cnousl} 
Blood w’as taken daily for culture, and w’hen culture ga\e positive results on 
three successive days the use of the drug w'as started Tw'o dogs (dogs 237 
and 937) failed to }'ield a positive result of culture and required a second injection 

Once the infection was established, treatment with sulfanilamide w’as started 
The dose w'as arbitrarily set at 20 grains (13 Gm ) per daj, and each dog 
received the daily dose through a stomach tube Blood was taken for culture 
every two or three days, and treatment with the drug was continued until the 
dog had been free from bacteria for from three to fire dajs Once the use of the 
drug W'as stopped, culture of the blood was repeated at less frequent intervals 
In one instance (dog 937) treatment w’as continued for thirty-eight da^s 
because the results of culture remained positne The dog finallj' died, apparently 
of the infection 

Results — The five dogs gave negative results of blood culture five 
and ten days after operation Each dog showed a positive result aftei 
intravenous injection of living streptococci, 2 dogs lequired a second 
injection Once a positive lesult of cultuie was obtained, the bacteiia 
were constantly present, usually in inci easing numbeis, until theiapy 
was introduced 

4 Long, P H , and Bliss, E A Para-Ammo-Bcnzene-Sulfonaniide and 
Its Derivatives Experimental and Clinical Observations on Then Use m the 
Treatment of Beta-Hemolytic Streptococcic Infection, Prehmmarj' Report, J A 
M A 108 32 (Jan 2) 1937 

5 Domagk, G Klin Wchnschr 15 1585 (Oct 31) 1936 
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Twenty grains (13 Gm ) of sulfanilamide given daily successfully 
freed the blood stream of 4 dogs of bacteria One dog died despite 
tieatment, although the course of the septicemia was prolonged to 
thirt} -eight days (fig 3 A) 

The drug in the doses emplo)ed did not seem to be toxic for any 
dog The 4 suivivors were veil aftei peiiods ranging from three to six 
months 

The examination of the tissues of dog 937 showed evidence of 
severe septicemia Sulfanilamide could not be held responsible for this 
death 

Conclusion — On the basis of our work we must conclude that 
sulfanilamide in the doses used is an effective agent foi freeing the 
blood stieani of Str viridans 

Four dogs weie cured of persistent septicemia with Str viiidans by 
the administi ation of sulfanilamide One dog succumbed to the infec- 
tion, although the drug was administered in the usual way 

III REPRODUCTION OF THE DISEASE BY MEANS OF 
ORALLY ADiMINISTERED STREPTOCOCCI 

The production of an infectious disease b)’’ the oral administration 
of bacteiia has been accomplished in the case of typhoid by Metchmkoff 
and Bezredka ° One may be critical of the similarity which this experi- 
mentally produced infection bears to what might be called the typical 
clinical picture of typhoid A leview of the literature does not reveal 
any othei work in which a clinical infection as seen in man has been 
reproduced in animals by the feeding of the etiologic agent 

On the other hand, numerous workers have reported successful 
immunization of animals by feeding living and killed bacteria Most of 
this work has been earned out with typhoid and paratyphoid and dysen- 
tery bacilli 

During our study of streptococcic endocarditis produced by injui- 
ing the cardiac valves of dogs with subsequent intravenous inoculation 
with streptococci, an attempt was made to study the possibility of pro- 
tecting animals after injurj'' of the valves by feeding killed and living 
streptococci While a number of such animals were unaffected by the 
feeding and later became infected b)'’ intravenous inoculation, several 
animals became sick before mtiavenous inoculation, and at autopsy were 
observed to have vegetative lesions on the injured valves On micro- 
scopic examination these vegetations were seen to be composed of 
streptococci 

6 Metchmkoff, I, and Bezredka, A Terap Obozr 4 161, 1911, Ann Inst 
Pasteur 25 193, 1911 
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Aftej- this fortuitous lesult, a deliberate attempt was made to study 
the possibility of infecting injuied caidiac valves by feeding strep- 
tococci 

METHODS 

Animals were selected which weighed about 10 Kg and were free from 
infection after a suitable period of isolation The operation was performed with 
the animal under amytal narcosis Usuallj' it resulted in cutting the cords of 
the mitral valve This mjurj' had proved sufficient for the implantation of sub- 
sequentlv injected bacteria 

For the first series of animals, 10 cc of pure twentj-four houi plain broth 
culture was mixed with food and presented to the animals For the second 
series of animals the culture was administered through a small stomach tube 



Table 1 (Gioup 1) 

— Positive 

Results 





First Positive 


Dog 

Oporntion 

Tceding 

Blood Culture 

Dentil 

4n 

11/25/25 

11/27 

12/ 2 

12/ 4 

7 

12/17/35 

12/lS 

12/24 

12/29 

9 

12I17IZO 

12/lS 

12/24 

12/20 

1 

12/ 4/35 

12/ G 

12/ 0 

1/21 

15 

4/ 1/35 

4/ 2 

4/11 

4/12 

22 

zmiso 

4/ C 

4/ 0 

4/10 



Table 2 (Gioup 1) - 

—Negative Results 



Dog 

Operation 

reeding 

Intrn- 
^u^lbe^ venous 
Feeding of Blood Inocuin 
Stopped Cultures tion 

First 

Positive 

Blood 

Culture 

Death 

13 

1/13/3G 

1/14 

2 '25 

10 

2/25 

2/29 

3/ 1 

12 

1/ 8/3G 

1/10 

2/12 

S 

2/12 

2/lG 

2/19 

14 

1/20/3G 

1/21 

2112 

5 

2/12 

2/19 


10 

umizz 

1/ 1 

1/ 7 

3 

1/ 7 

1/13 


G 

12/25/35 

12/2G 

1/ 3 

J 

1/ 3 

1/ 9 

S/IG 


Blood culture was made every three or four days during the experiment When 
vegetations vere observed at autopsy, the bacteria of the vegetations as well as 
the bacteria found in blood cultures were studied to determine their identit} 
To studj the identity, the agglutinability of the recovered bacteria with anti- 
serum homologous w'lth that of the injected bacteria w'as tested Also the fer- 
mentation reactions ivere compared, inulin, sucrose, mannitol and lactose being 
used as test substances 


RESULTS 

In tbe first senes of dogs, winch were given the streptococci in broth 
culture mixed with the food, theie weie 11 animals Tables 1 and 2 
show the mteival between the operation and the date of the beginning 
of feeding with streptococci Six animals became infected, as shown 
by positive results of blood cultuie, and 5 animals, although fed as 
soon after the operation as the others, did not become infected After 
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from thiee to ten sterile cultuies were obtained, these animals weie 
inoculated intravenously with streptococci, and endocaiditis developed 
This last fact indicates that the injuiy to the valve in these animals was 
sufficient to permit the implantation of bacteria 

In those dogs which became infected piomptly after the feeding 
with stieptococci was begun, the infection was of the fulminating type, 
such as is seen in animals inoculated inti avenously within the week 
aftei injury of the valves 

In those dogs which did not become infected by the feeding, no 
immunity was developed by the feeding In the case of dogs 12 and 13, 
the intravenous injection of streptococci occuiied thirty-five and forty- 
tin ee days, respectively, aftei the operative injuiy This should have 
led to the moie piolonged disease, accoidmg to extensive previous 

Table 3 (Gtoup 2) — Positive Results 


Dog 

Operation 

Feeding 

First Positive 
Cultuie 

Result 

137 

2/ 2/37 

2/ 4 

2/ 6 

2/ 9 Death 

937 

3/25/37 

3/26 

3/31 

4/15 Treatment 

737 

3/25/37 

3/2C 

3/31 

4/15 Treatment 

837 

3/25/37 

3/26 

4/ 2 

4/16 Treatment 


Table 4 (Gionp 2) — Negative Results 


Dog 

Operation 

Feeding 

Feeding 

Stopped 

Bactena 

Injected 

First 

Positive 

Culture 

Result 

337 

2/5/37 

2/6 

2/22 

2/26 

3/1 

3/8 Death 

237 

2/2/37 

2/4 

2/16 

2/17 

3/1 

3/5 Treatment 


experience ITowevei, it will be seen that all the dogs in this group 
lived only a shoit peiiod (foui, foui, seven, six, six days, lespectively) 
In the case of dogs 12 and 13, it is suggested that the endocarditis may 
have existed befoie the intravenous inoculation was made, thus adding 
to the numbei of animals infected by feeding 

In the second senes of animals the cultuie of streptococci was put in 
the stomach thiough a small stomach tube Four of the 6 animals in 
this series became infected, as revealed by lepeatedly positive lesults of 
blood cultuie The 2 animals which showed steiile blood cultures aftei 
what seemed an adequate period of feeding were then inoculated intia- 
venously with stieptococci and on being infected weie utilized foi the 
study of the treatment with diugs 

Tables 3 and 4 show the lesults in this series 
Bactenology — The stiains of streptococci obtained by cultuie of the 
blood and by culture of the vegetations lemoved at autopsy were com- 






T\bie 5 (G)oup 1) — Siigm Reactions' 
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pared with the stiain used in the feeding Tables 5 to 8 show the com- 
plete identity of these strains as regaids both agglutinability and 
fermentation i eactions 

Pathologic Data — Giossly the vegetations on the mitral vahe and 
along the injured chordae tendineae weie poorly developed though 
definite They did not attain the size of vegetations usually seen in 
animals inoculated mti avenously thiity days or moie aftei operative 
injui-} They were like the vegetations seen in animals inoculated mtia- 
venously a few days after such injurj'^ In othei woids, since the endo- 
carditis was of shoit duration, the vegetations weie not large Besides 
the endocardial lesions, mfaicts of typical vaiiety weie present in the 
spleen, kidney and elsewhere Microscopically the vegetations weie 
composed of masses of stieptococci 

SUMMARY 

Seventeen dogs were subjected to opeiation wheieby the initial A’^alve 
oi the chordae tendineae were cut All these animals weie then fed 
with living cultures of nonhemolytic stieptococci either mixed with food 
01 by stomach tube Ten of the animals became sick, displayed positive 
lesults of blood cultuie and died At autopsy these infected animals 
had bacterial endocaiditis The bacteria in the vegetations were detei- 
mined to be identical with those that had been fed to the animals 

CONCLUSIONS 

Streptococcic endocaiditis can be pioduced in dogs with injured 
cardiac valves by feeding them stieptococci 

The fact is thus established that bacteria entering the animal body 
thiough the mouth may become implanted on an injured area within the 
body The exact route which these bacteiia follow is not detei mined 

GENERAL SUMMARY 

The reproduction of streptococcic endocaiditis is complete Che 
success of two different diugs in cuiing the disease in dogs, while fail- 
ing to cure the disease in human beings, does not obscure the identity 
of the experimental disease On the othei hand, the difference in the 
mode of production of the experimental disease and in the mode of 
production of the disease in human beings is emphasized This differ- 
ence lies 111 the fact that bacterial implantation begins aftei an injury 
produced by trauma in the one instance and as a result of disease in 
the othei It seems highly important to collect a senes of animals cured 
of streptococcic endocarditis and then to study the treatment after rein- 
fection of the healed scars of pievious infection This will be a tedious 
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task The most interesting by-product of the piesent study has been 
the demonstration of infection of traumatized valves by means of feeding 
streptococci to the animal This part of the work, repeated m different 
years, seems adequately authenticated It is of further interest that none 
of the microscopic appearances in the heait or elsewhere was such 
as to suggest a relation between the lesions observed m dogs and those 
of rheumatic fever which appear in human tissues 



LESIONS OF PERIPHERAL NERVES IN 
THROMBOANGIITIS OBLITERANS 

A CLINICOPATHOLOGIC STUDY 
NELSON W BARKER, MD 

ROCHESTER, MINN 

The most impoitant manifestation of thromboangiitis obliterans is 
pain To the ph 3 Sician its seveiit}'^ and persistence may present a 
problem that exhausts his ingenuity To the patient it may mean not 
only great suffering but also incapacity for work, sleepless nights,, 
anorexia, loss of n eight, mental breakdown and finally loss of a limb 
In the majority of cases in which amputation of a limb is required in 
thromboangiitis, it is done not because of extensive gangrene, ascending 
infection or septicemia but because of pain — severe, prolonged, uncon- 
trollable, unbearable pain Furthermore, the gieat majority of patients 
who have this disease are not “neurotic” or hypersensitive , their 
tolerance for pain is somewhat above the average 

Goldsmith and Brown ^ have analyzed the t 3 'pes of pain m thrombo- 
angiitis obliterans and have grouped them under the following headings 
(1) vascular inflammatory pain, (2) pain of acute arterial occlusion, (3) 
intermittent claudication, (4) pretrophic pain, (5) pain of ulceration 
and gangrene and (6) ischemic neuritis In the final analysis all pain 
in thromboangiitis obliterans must be produced by iiritation, inflamma- 
tion or degeneration of either sensory nerve endings or peripheral neive 
trunks However, pathologic studies of the peripheral nerves in 
thromboangiitis obliterans have been neglected In spite of his classic 
description of the pathologic condition in the blood vessels, Buerger ^ 
did not mention changes in nerves except to say that when the vascular 
lesions become chronic, arteries, veins and nerve trunks of the legs are 
often bound together in a mass of fibrous tissue Brown, Allen and 
Mahorner ^ mentioned bnefly that fibrosis, demyelination and increase 

From the Division of Medicine, the Ma 3 'o Clinic 

1 Goldsmith, G A , and Brown, G E Pain in Thrombo-Angiitis Obliterans 
A Clinical Study of One Hundred Consecutive Cases, Am J M Sc 189 819-833' 
(June) 1935 

2 Buerger, L The Circulatory Disturbances of the Extremities Including 
Gangrene, Vasomotor and Trophic Disorders, Philadelphia, W B Saunders Com- 
pany, 1924 

3 Brown, G E , Allen, E V, and Mahorner, H R Thrombo-Angiitis- 
Obliterans Clinical, Physiologic and Pathologic Studies, Philadelphia, W B> 
Saunders Company, 1928 
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in the number of nuclei of the sheath of Schwann may occui in peniih- 
eral nerves and that mflammatoiy changes occasionally aie present in 
the vasa nervorum Diez ^ has stated that increase m the neurilemma 
and fibrosis of the peiineuiilemma of the peripheral neive tiunks aie 
noted in thromboangiitis obliterans He observed piohfeiation of the 
nuclei of the sheath of Schwann and resoiption of myelin only in digital 
nerves , and because the vasa vasoi um of nerve trunks appeared noi mal, 
he concluded that there was no anatomic basis for ascribing any of the 
pain to ischemic neuritis 

This study is based on the histopathologic obseivations on the periph- 
eial neives in 20 cases of thromboangiitis obliterans This diagnosis 
was made m each case because of the presence of a clinical pictuie 
typical of the disease and because of the piesence of typical histopatho- 
logic lesions of tin omboangiitis in the blood vessels of the amputated 
specimen 

MATERIAL 

The material was obtained from an amputated leg m 17 cases Longitudinal 
and cross sections were made of the upper and lower portions of the anterior and 
posterior tibial nerves Six of the 17 amputations had been performed above the 
knee, and from these legs longitudinal and cross sections were made of the 
popliteal nerves also Cross sections of superficial nerves of the feet and digital 
nerves of the toes were taken from 7 of the legs, and cross sections of digital 
nerves also were examined from 2 amputated toes and 1 amputated finger The 
sections of the nerves were stained with hematoxylin and eosm. Van Gieson’s 
stain, Weigert’s stain for myelin sheaths and Orlandi’s stain (modified silver 
impregnation) 

For comparison, sections were taken from popliteal nerves, upper and lower 
anterior and posterior tibial nerves, superficial nerves of the feet and digital nerves 
of the toes from 6 legs amputated because of neoplasm of the bone The blood 
vessels were examined m these cases and found to be essentially normal grossly 
and histologically The nerves m these legs were assumed to be normal and were 
used as controls 


LESIONS OF THE POPLITEAL, ANTERIOR TIBIAL AND POSTERIOR 

TIBIAL NERVES 

Definite histopathologic changes weie observed in these neives in 
all but 1 case (figs 1 to 5) They aie listed under separate categoiies 
In only a few instances was theie much difference m the appearance of 
the anteiior and that of the posteiior tibial neives at coi responding 
levels 

Fihosis — Increase of perifasciculai and intiafascicular fibious 
tissue was the most consistent pathologic change noted, and it occuned 
111 all but 5 of the cases Usually, but not always, it was more maiked 

4 Diez, J Tromboangeitis obliterante anatomia patologica, Prensa med 
argent 21 949-969 (Mav 23) 1934 
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Fig 2 — Cross sections of posterior tibial nerves, X60, Weigert^s stain for 
myelin sheaths a, normal nerve Note the even, dark staining of myelin b, 
thromboangiitis obliterans There is marked local destruction of nerve fibers 
inside the fasciculi, with intrafascicular edema c, thromboangiitis obliterans 
Note the extensive fibrosis and localized demyehnation d, thromboangiitis oblit- 
erans There is almost complete demyehnation of the fasciculi Note the inflam- 
matory reaction in the arteriole 










Fig 3 — Cross sections of posterior tibial nerves , X 60 , Weigert’s stain for 
myelin sheaths a, normal nerve Note the regular arrangement of nerve fibers 
with deeply stained myelin sheaths b, thromboangiitis obliterans Note the edema, 
demyehnation and destruction of nerve fibers and the numerous lymphocytes near 
the margin of the fasciculus m the upper left corner c, thromboangiitis obliterans 
Only scattered myelin sheaths remain The vasa nervorum have definitely thick 
walls d, thromboangiitis obliterans Note the pen fascicular fibrosis and consid- 
erable demyehnation 
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Fig 4 — Longitudinal sections of posterior tibial nertes, X 160, Weigert’s 
stain for mj'elin sheaths a, normal ner\e Note the regular arrangement of the 
deepl}'- stained m 3 elm sheaths b, thromboangiitis obliterans Note the intrafas- 
cicular l 3 'mphoc 3 tes and marked angiitis of the small artery c, thromboangiitis 
obliterans Note the penfascicular and intrafascicular l 3 mphoc 3 tes and the frag- 
mentation of mvelin d, thromboangiitis obliterans Note the fi agmentation of mvelm 
c, thromboangiitis obliterans Note the scattered hniphocytes and extensne dem 3 e- 
lination f, thromboangiitis obliterans Note the exteiisne dem 3 elmation and 
destruction of the architecture of the ner\e 




Figure 4 
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in distal than in proximal sections of the nerves It is well known that 
fibrous tissue can exist with a meager blood supply and that it tends to be 
increased in all organs and tissue suffering from severe ischemia 
Extensive perineural fibrosis, binding artery, vein and nerve into one 
dense sheath, as previously described, was not noted in any of the cases 
studied 



- — 



Fig 5 — Longitudinal sections of posterior tibial nerves , X 865 , Orlandi’s 
stain (modified silver impregnation) a, normal nerve, showing normal axis- 
cylinders b, thromboangiitis obliterans Note the broken axis-cylinder with a 
coiled end Also note the spindle-shaped swelling of another axis-cylinder 

JValleuan Degeneiatwn — It was noted that the myehn often stained 
irregularly in the control nerves, but complete demyelination of nerve 
fibers was not seen In the neives in 10 of the 17 cases of thrombo- 
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angiitis obliterans, definite areas of demyelination, with intensification 
of the staining reaction of the remaining myelin, were noted This con- 
dition was usually patchy, involving certain fasciculi in a given section 
and sparing others Often only part of the fibers in a fasciculus were 
demyelinated In longitudinal sections, variations were noted from 
patchy fragmentation of myelin to complete loss of myelin and destruc- 
tion of the entire architecture of the nerve, with replacement by fibrous 
tissue The use of Orlandi stains was somewhat disappointing, as axis- 
cylinders either appeared normal or could not be identified at all, possibly 
owing to artefacts or changes occurring between the time of amputation 
and that of fixation of the tissue In a few of the diseased nerves, how- 
ever, occasional fragmented and coiled-up axis-cylinders were seen, and 
there were abnormal swellings of other axis-cylinders The extent of 
demyelination and destruction of the nerve fibers was always greatei in 
the distal than in the proximal segments of the nerves, but in those cases 
in which it was noted it was present to some extent at all levels and in all 
the nerves studied 

Edema and AUophy — Separation of the fasciculi, with thinning out 
of the fibrous tissue, was noted frequently Some of this apparent 
change may have been due to an artefact, although it was not seen m the 
normal control nerves Separation of nerve fibers themselves, with 
localized areas of marked atrophy and destruction, was noted in 4 of 
the cases in which there was extensive wallerian degeneration This 
change is difficult to interpret but suggests rapid ischemic degeneration, 
almost infarction of the individual fasciculi 

Iiiflammahon — Localized collections of lymphocytes and scattered 
lymphocytes, around and even within the fasciculi themselves, were noted 
in 9 cases These areas were patchy, and they frequently involved only 
one of the main trunks Their presence did not coincide with the 
presence of the other changes, in fact, they were usually observed in 
nerve segments where there was little or no wallerian degeneration 
Their presence must be interpreted as part of an inflammatory reaction 
but whether this is one of the first evidences of ischemic degeneration 
of nerves or merely of an ascending infection along the nerve sheaths 
from a distal gangrenous region is not clear 

Changes m the Vasa Netvmnm — Recent extensive thrombosis of 
the vasa nervorum was noted in 2 cases In 6 cases small vessels, both 
arteries and veins, in the interfascicular and perineural regions showed 
the marked diffuse inflammatory reaction characteristic of thrombo- 
angiitis Perivascular lymphocytic collections were seen only twice in 
the vessels inside the fasciculi In some instances the walls of these 
vessels were thickened, but in the majority of instances no changes were 
noted It was not possible to explain the wallerian degeneration of the 
nerves on the basis of ischemia due to obstruction of the vasa vasorum 
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Fig 6 — Cross sections of digital nerves, X 160, Weigert’s stain for m^elln 
sheaths a, normal ner\e h, thromboangiitis obliterans Note the perifascicular 
fibrosis and partial demyehnation c, thromboangiitis obliterans There is com- 
plete demyelination Note the perineural fibrosis and small collection of lymphocytes 
inside the fasciculus d, thromboangiitis obliterans There is complete demye- 
lination Note the perineural fibrosis and large deeply stained mass of Ijmphocytes 
inside the fasciculus 
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Adequate justification foi explaining all the neive lesions on an ischemic 
basis exists in the extensn e occlusion of the main ai tei lal ti unks which 
accompanied the neives 


LESIONS or SUBCUTANEOUS NERVES OF THE FEET AND DIGITAL 
NERVES NEA.R GANGRENOUS REGIONS 

Sections of subcutaneous neives of the feet and of digital neives 
Avere examined in 10 cases (table 1 and fig 6) In 4 of these cases 
partial valleiian degeneiation was seen in the pioximal nene tiuiiks 
and it vas complete in those nerves of the foot and toes that weie exam- 
ined It vas also present in 2 cases m which degeneiation vas not seen 
in the pioximal nen^e trunks Definitel}’’ inci eased perineuial fibiosis 
was noted in all the neives of the feet and toes Also, it vas interesting 
to note collections of lymphoc 3 fies inside the neive bundles in 5 cases 


Table 1 — Clinical Findings Con dated zvitli Changes in the Neives of the Feet 

and Digits 


Histopathologic Lesions m Digital Kerres and 
Cutaneous ^erves of Feet* 

, « 

Wnllernn 

Degenera- Wallernn 


tion m Degenera 



Clinical Data 

ProMmal 

tion m 




r 




lser\ c 

Local 



Inflam 

Case 

Type of Pam 

Situation 

Trunks 

Xerves 

Fibrosis 

Edema 

mation 

5 

Keuntic 

Leg and foot 

0 

4 

8 

0 

0 

6 

Xeuritic 

Foot 

3 

4 

S 

0 

1 

7 

Aeuritic and local 

Foot and fifth 

1-T- 

4 

3 

2 

0 



metatarsal 






S 

Neuntic and local 

Foot 

2 

4 

2 

1-f 

0 

11 

Local, margin of 

Foot and base of 

0 

0 

0 

2 

0 


gangrene 

toes 






12 

Local, margin of 

Foot and fifth toe 

0 

3-t- 

n 

o 

0 

0 


gangrene 







16 

Local, margin of 

Base of toe 

0 

2 

0 

S 

2 


gangrene 







IS 

Local, margin of 

Second toe and meta 

2 

1 

1 

2 


gangrene 

tarsal region 






19 

Local, margin of 

Second toe 


0 

4 

0 

2 


ulcer 







20 

Local, margin of 

Second finger 


0 

2-1- 

l-i- 

2 


ulcer 








* Graded on a basis of 1 to 4 


CLINICAL ASPECTS 

Goldsmith and Bioivn haire desciibed, undei the teim ischemic 
neuiitis, a clinical manifestation vhich occuis in certain chronic progres- 
sn^e types of thiomboangiitis obhteians In those cases there is usual!} 
partial oi complete occlusion of the femoral arteiy Pam is the 
prominent feature and this pain occuis in large aieas of the limb and 
IS not necessaiily limited to the sensoiy distiibution of a certain neive 
tiunk It IS of A’-ariable intensity and occurience but is usually seveie 
and intractable It is often associated vith i^aiious types of paresthesia 
and sometimes aa ith hypoesthesia muscular Aveakness and diminution oi 
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absence of deep reflexes Episodes of severe vasospasm, characterized 
by mottled, deep cyanosis of the skin of the foot or of the entire lower 
portion of the leg may accompany the paroxysms of pain 

Similar pains involving the entire foot but not the leg are also occa- 
sionally described by patients Local gangrene may be piesent in these 
cases, but the pain extends a considerable distance from the margin 
of the region of gangi ene, tends to be paroxysmal and is usually accom- 
panied by paresthesia 

Table 2 — Clmical Findings Con dated zvith Changes in the Antenoi and Postenoi 

Tibial Neives 


Histopathologic Lesions of 

Clinical Data Peripheral Nerves* 

« . , < , 
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'a 

c- 

bt 

u 
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Q> 

CJ 
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s 
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t-H 
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e3 

to 

cs 
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■la 
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O u 
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o 

tfi 

a 

P. 

CO 

O 

TS 

x: 

CO 

o 

t- 

a 

CJ 

c 

r 

CO 

CO 

C3 

V 

o 

a 

o S 
sS 

1^ a 

O CO 

Case 

Type of Pam 

Situation 

a 

u 

tfi 

o 

tfi 

> 

CO 

o 

C3 

Ph 

o 

o, 

>> 

a 

D 

o 

CO 

3 

e 

S 

fi 

Walle: 

tion 

0 

01 

f-H 

a 

•D 

W 

c. o 

H-u 

■ti o 
Sjfc 

G o 

a*^ 

wo 

1 

^eu^ltlo 

Leg and foot 

6 

Yes 

Yes 

Yes 

Yes 

Yes 

3+ 

3 

0 

0 

0 

0 

2 

Neuntic 

Leg and foot 

2 

Yes 

Yes 

Yes 

Yes 

Yes 

3 

2 

1 

0 

0 

0 

3 

Neuritio 

Leg and foot 

6 

Les 

Yes 

0 

0 

0 

2 

3 

3 

0 

0 

3 

i 

Neuntic 

Leg and loot 

7 

Lcs 

Yes 

0 

0 

0 

2 

2 

3 

0 

1 

1 

5 

Neuntic 

Leg and foot 

2 

0 

0 

0 

0 

0 

2 

1 

1 

2 

2 

0 

0 

Neuntic 

root 

2 

0 

0 

Yes 

0 

0 

3 

0 

0 

0 

0 

0 

7 

Neuntic and 

Foot 

3 

0 

0 

0 

0 

0 

1+ 

1 

2 

1 

0 

0 


local 













8 

Neuritic and 

Foot 

2 

0 

0 

0 

0 

0 

2 

0 

3 

0 

0 

0 


local 














9 

Neuntic and 

Foot 

2 

0 

0 

0 

0 

0 

1 

2 

3 

2 

2 

0 


local 














10 

Neuntic and 

Foot 

1 

0 

Yes 

0 

0 

0 

2 

2 

1 

1 

0 

0 


local 













11 

Local, margin 

Foot and base 

4 

0 

0 

0 

0 

0 

0 

1+ 

2 

3 

2 

0 


of gangrene 

of toes 












12 

Local, margin 

Foot and base 

2 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 


of gangrene 

of toes 













13 

Local, margin 

Foot and base 

1 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

14 

of gangrene 

of toe 













Local, margin 

Base of toe 

12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


of ulcer 












15 

Local, margin 

Base of toe 

12 

0 

0 

0 

0 

0 

0 

2 

1+ 

1 

0 

0 


of ulcer 













16 

Local, margin 
of ulcer 

Local margin 

Base of toe 

4 

0 

0 

0 

0 

0 

0 

0 

1 

3 

2 

0 

17 

Base of toe 

3 

0 

0 

0 

0 

0 

0 

3 

1 

1 

1 

0 


of gangrene 















• Graded on basis of 1 to 4 

All the cases of thromboangiitis in which the neives were studied 
histopathologically were also rewewed carefully from the standpoint 
of the type and situation of pain and the objective neurologic findings 
In table 2 these data are correlated with the pathologic changes in the 
anterior and postenor tibial nerves 

The typical “neuritic” pain described by Goldsmith and Brown, 
which occurs in paroxysms and is felt in large areas of the lower portion 
of the leg and foot, was present m cases 1 to 5 In cases 1 to 4 there 
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were also extensive lecurrent vasospasm and paresthesia In cases 6 to 
10 there were paroxysmal pains in the entire foot, involving regions at 
some distance from any local ulceration or gangrene In the remaining 
cases (cases 11 to 17) the pain was localized to the legioii of ulceiation 
or gangrene 

It IS noteworthy that in all the cases m which the neuritic type of 
pain occurred, theie was definite wallerian degeneration of the anterior 
and postenor tibial nerves and that this was not present in the cases 
in which there was only local pain m the regions of ulceration or gan- 
grene Definite correlation was not noted between the other pathologic 
findings — fibrosis, edema and lymphocytic infiltration, on the one hand, 
and the type and the situation of the pain, on the other hand Howevei , 
the lesions aie definite, and they may repiesent stages m the process of 
degeneration of nerves In cases of severe pam (cases 1 to 5) it was 
not possible to determine accurately the level of the nerve lesion respon- 
sible for the pain, but it is assumed that it was proximal to the level 
where degeneration was seen Some wallerian degeneration was seen as 
far up as the level of amputation In cases I to 5 the demyelination was 
increasingly more extensive m the more distal sections , therefore, it is 
assumed that levels of demyelination of individual fibers were scattered 
throughout various levels in the nerve trunks 

COMMENT 

Wallerian degeneiation of peripheral nerves is seen as an accom- 
paniment of a number of lesions of nerves of different origin It was 
noted by Woltman and Wilder® in association with diabetes Most of 
their patients had definite arteriosclerotic arterial occlusions also, and the 
authors concluded that the basis for the lesions of the nerves was 
ischemia They did not find any definite correlation between the extent 
of the lesions of the nerves and the clinical manifestations, such as pain, 
pai esthesia, hypoesthesia and muscular weakness Priestley ® found 
definite wallerian degeneration as the outstanding nerve lesion m asso- 
ciation with arteriosclerosis obliterans of the legs m nondiabetic patients 
Lesions of the nerves in thromboangiitis obliterans noted in this study 
were considerably more extensive than those noted either by Woltman 
and Wilder or by Priestley, and there seemed to be a definite correlation 
between the presence of a neuritic type of pam and wallerian degenera- 
tion of the peripheial nerves 

5 Woltman, H W , and Wilder, R M Diabetes Mellitus Pathologic 
Changes in the Spinal Cord and Peripheral Nerves, Arch Int Med 44 576-603 
(Oct) 1929 

6 Pnestle}^ J B Histopathologic Characteristics of Peripheral Nerves m 
Amputated Extremities of Patients with Arteriosclerosis, J Nerv & Ment Dis 
75 137-143 (Feb ) 1932 
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One practical point concerns the question of suigical section of and 
injection of alcohol into peripheial neive trunks, as advocated by Laskey 
and Silbeit and by Smithwick and White,® for the lelief of inti actable 
pain in thi omboangiitis The operation is usually done in the lower 
thud of the leg to avoid as many motor fibers as possible Two of the 
senes of patients with which this paper is concerned, who had neuritic 
pains of the feet, had undeigone section of the posteiior tibial, suial, 
supeificial peroneal and deep peioneal neives The pain was not 
relieved This can be explained by the fact that definite wallerian 
degeneiation was observed pioximal to the level of surgical section of 
the neives m both cases It does not seem logical to expect lelief of the 
neuiitic type of pain in thi omboangiitis obliterans by section of or by 
injection of alcohol into the peiipheial neives of the leg, as it is piobable 
that ischemic inflammatoi}'^ and degeneiative lesions of neives ahead}’^ 
ha\e occuiied at levels pioximal to the site of the proposed section or 
injection 

The pain of ischemic neuritis is mti actable to treatment, and ^^hen 
the lesions of the nerves aie seen, this is not difficult to undei stand Occa- 
sionally, aftei a peiiod of weeks oi months, it disappears spontaneous!} 
possibly owing to ultimate cessation of degeneiation It is not knovn 
how completely legeneiation may occui 

SUMMARY 

In a histopathologic study of the peiipheral neives in a senes of 
20 cases of tin omboangiitis obliteians, vaiious combinations of nalleiian 
degeneration, fibiosis, edema, atiophy, lymphocytic infiltration inflam- 
mation and thiombosis of the vasa A'^asoium weie noted m all but 1 case 
A definite con elation was found betneen the piesence of nallenan 
degeneiation and the clinical syndrome of ischemic neuntis 

7 Laskej, N F, and Silbert, S Thrombo-Angntis Obliterans Relief of 
Pain b}" Peripheral Nerve Section, Ann Surg 98 55-69 (July) 1933 

8 Smithy ick, R H, and White, J C Peripheral Nerve Block in Obliter- 
ative Vascular Disease of the Lower Extremity Further Experience with 
Alcohol Injection or Crushing of the Sensorv Nerves of the Lower Leg, Surg, 
Gjnec Obst 60 1106-1114 (June) 1935 
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REPORT OF A CASE, WITH CLINICAL DIAGNOSIS CONFIRMED 

AT AUTOPSY 

JACK SPENCER, MD 

AND 

SHIELDS WARREN, MD 

BOSTON 

The scarcity of autopsy mateiial in connection with Boeck’s saicoid 
IS explained by the fact that sarcoid runs a slow course, most often 
showing a preference for cutaneous manifestations Nickeison,’^ m 1937 , 
reported 6 cases in which autopsies were pei formed, desciibmg for the 
first time lesions m the myocaidium, endocardium, pancreas, testis and 
vertebral and femoral mairow, also differentiating the microscopic pic- 
ture of sarcoid from that of tuberculosis 

Hunter - recently repoited a case of saicoid, with a leview of the 
historical liteiature His patient presented extensive changes m the 
lungs which completely cleaied up under a stiict hygienic regimen 

Longcope and Pieison,^ m reporting 8 cases, m 7 of which there 
weie pulmonary changes, included a full bibliography They stressed 
the importance of recognizing that although the disease is more often 
described as a disease of the skin, the geneiahzed natuie of the process 
IS to be borne in mind 

Since the publication, m 1915, of the article by Kuznitzky and Bit- 
toi f ^ demonstrating the pulmonary changes by means of roentgeno- 
grams for the first time, there have been numerous communications 
establishing the disease as a generalized condition The disease may be 
recognized not only by the cutaneous lesions but also by manifestations 
elsewhere, such as pulmonary, osseous or ocular changes, which may 
give rise to the presenting symptoms 

From the New England Deaconess Hospital 

1 Nickerson, D A Boeck’s Sarcoid Report of Six Cases in Which 
Autopsies Were Made, Arch Path 24 19-29 (July) 1937 

2 Hunter, F T Hutchinson-Boeck’s Disease (Generalized “Sarcoidosis”) 
Historical Note and Report of Case with Apparent Cure, New England J Med 
214 346-352, 1936 

3 Longcope, W T, and Pierson, J W Boeck’s Sarcoid (Sarcoidosis), 
Bull Johns Hopkins Hosp 60 223-296, 1937 

4 Kuznitzky, E , and Bittorf, A Boecksches Sarkoid mit Beteiligung innerer 
Organe, Afunchen med Wchnschr 62 1349-1353, 1915 
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Doub and Menagh/ m 1929, reported 2 cases in which the bones of 
the hands and feet showed cystic changes Mylius and Schurmann,® 
in 1929, reported 2 cases of sarcoid in which the patients were followed 
clinically and later came to autopsy In case 1 the first manifestation 
was iritis Later m the course of the disease the osseous and pulmonary 
changes were demonstrated by roentgen examination At autopsy, 
tuberculosis, in addition to sarcoid, was evident In case 2, autopsy 
was limited to the chest, revealing huge glands which showed only sar- 
coid There were rare foci of caseation in the lungs From their 
experience the authors said they felt that sarcoid is a special type of 
tubeiculosis Hantschmann," in 1930, reported 6 cases of sarcoid with 
pulmonary changes Kiiklin and Morton,® in 1931, presented several 
cases in which osseous and pulmonaiy changes weie well illustrated 
Kissmeyer’s ® monograph, published m 1932, gave a complete presenta- 
tion with numerous illustrations 

REPORT or CASE 

History — Our patient was 1 of 6 children, 3 of whom were still alive and 
well , 1 had died of cardiac disease and 1 had died of Hodgkin’s disease (sarcoid^) 
Our patient died at the age of 51 Prior to this illness he had been well except 
for “neuritis” at the age of 34 and appendicitis at the age of 43 He married 
at the age of 40, and there were no children 

The onset of the illness, in Maj' 1934, was characterized by pain, swelling and 
stiffness in the hands and feet, and fever of three weeks’ duration, the symptoms 
gradually becoming worse He showed rather severe generalized periarticular 
involvement, which was partially ameliorated by the use of salicylates and 
aminopyrine During this illness there were progressive anemia, loss of weight, 
weakness and cough 

Physical Evammation — Examination revealed fusiform swelling of the fingers 
and wrists and edema of the ankles The liver was palpable 3 fingerbreadths 
below the costal margin There was generalized peripheral glandular enlargement, 
especially in the axillary and inguinal regions 

Laboratoiy Study — Extensive laboratory studies were made The red blood 
cell count was 4,000,000, the hemoglobin value was 70 per cent, the white blood 
cell count was 20,000, the urine was normal, the Wassermann and Kahn tests 

5 Doub, H P , and Menagh, F R Bone Lesions in Sarcoid A Roentgen 
and Clinical Study, Am J Roentgenol 21 149-155, 1929 

6 Mylius, K, and Schurmann, P Universelle sklerosierende tuberkulose 
grosszellige Hyperplasie, eine besondere Form atypischer Tuberkulose, Beitr z 
Khn d Tuberk 73 166-209, 1929 

7 Hantschmann, L Ueber torpide Formen disseminierter Tuberkulose, 
Beitr z Khn d Tuberk 73 688-709, 1930 

8 Kirklin, B R, and Morton, S A Roentgenologic Changes in Sarcoid 
and Related Lesions, Radiology 16 328-333, 1931 

9 Kissmeyer, A La maladie de Boeck Sarcoides cutanees bemgnes mul- 
tiples, Copenhagen, Levin & Munksgaard, 1932 



SPENCER-WARREN— BOECK’S SARCOID 


287 


gave a negative reaction, the gonococcus complement fixation test gave a doubtful 
reaction, the sedimentation time was twent}' to thirty minutes, the cultures of 
blood were sterile and chemical study of the blood gave normal values 

Roentgen examination of the chest (fig 1) revealed dense symmetric bilateral 
glandular enlargement with fine lacelike infiltration extending out from roots of 
both lungs The appearance of the chest was that of lymphoblastoma Studies 
of the gastrointestinal tract revealed no unusual findings Retrograde pyelography 
also showed a normal condition Examination of the skeleton repealed hypertrophic 
changes about the bodies of the twelfth dorsal and the first and second lumbar 
vertebrae and both hips Intravenous injection of dye showed a normal gallbladder 
Roentgenograms of the hands and wrists were normal There was narrowing 



Fig 1 — Roentgenogram of the chest taken at the onset of the illness, showing 
the huge bilateral symmetrically enlarged hilar nodes, with cordlike infiltration 
extending out into the parenchyma of the lung 


of the joint space of the right knee The sinuses were normal In view of the 
changes in the lungs suggesting lymphoblastoma, roentgen therapy was given 
over this area Since the glands did not disappear, it was thought that the 
changes were not those of lymphoblastoma In view of the infectious arthritis, 
typhoid vaccine was given, with some improvement 

Course — ^The patient was discharged improved from the hospital The diagnosis 
was infectious polyarthritis, hypertrophic osteoarthritis and bilateral adenitis 
of the roots of the lungs 

Shortly after discharge he came under our observation, and in addition to the 
aforementioned data, it was learned that the gonococcus complement fixation 
test gave a positive reaction The patient repeatedly denied the possibility of 
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infection Subsequent tests gave positive results He had been free from cough 
for one week, and the anemia had subsided The striking features of the physical 
examination were edema of the ankles and fusiform swelling of the phalangeal 
joints At the time there was no enlargement of the peripheral nodes With a 
high protein diet the edema subsided and the joints became flexible, and in 
October 1934 it was thought he would soon regain his health 

On October 23 the patient had renal colic due to a small calculus In 
November there was return of the articular symptoms, with subsidence in January 
At this time there were symptoms of a duodenal ulcer, and the diagnosis was con- 
firmed roentgenographically Despite hospitalization and dietary treatment, the 
ulcer failed to respond to medical management, and m May 1935 posterior gastro- 
enterostomy was necessary This operation was completely successful, and there 



Fig 2 — Roentgenogram of the chest taken ten months later than the one shown 
in figure 1 The appearance is essentially normal 


were no further symptoms referable to the duodenal ulcer During this time the 
patient was free from symptoms referable to the joints A roentgenogram of the 
chest was entirely normal, no enlargement of the hilar nodes being visible (fig 2) 
Four weeks after operation (June 1935) there was a recurrence of the 
arthritic symptoms He was again given a high protein diet He was not seen 
for four months, after which he reported that the arthritis had lessened while 
he was living at the seashore in July but was worse in August He showed 
recurrence of the fusiform swelling of the phalangeal joints, with marked 
limitation and similar involvement of the right elbow He went to Florida for 
the winter, remaining until June 1936 He complained of swelling of both fore- 
arms and of inability to close his hands He could walk only with pain Lab- 
oratory studies at this time revealed no anemia The calcium content of the 
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serum was 10 1 mg per hundred cubic centimeters The protein content of the 
plasma was 6 6 mg per hundred cubic centimeters The gonococcus complement 
fixation test gave a positive reaction The tuberculin test gave a negative reaction 
It was thought that the edema might be due to nutritional factors, despite the 
normal plasma protein value He was given a high protein diet, without 
improvement 

In July there was definite secondary anemia, and the articular symptoms had 
increased Shortly after this he had a severe cough and fever and was confined 
to bed 

Roentgen examination of the chest (fig 3) revealed the same picture as m 
1934, and a diagnosis of sarcoid was made On roentgen examination the hands 



Fig 3 — Roentgenogram of the chest taken two years and two months after 
the onset of the illness The picture is essentially similar to that in figure 1 The 
discrete nodes are readily visible 


and feet appeared normal At this time he showed over the forearms faint dry, 
scaly erythematous patches which were not characteristic of sarcoid and which 
suggested a tentative diagnosis of xeroderma The edema was less The cough 
was his chief symptom 

The patient’s condition changed little until one week before death, when edema 
of the larynx developed, with a change m voice On Oct 22, 1936, two and a half 
years after the onset of his symptoms, the patient collapsed, with air hunger 
and profuse sweating, and died in thirty minutes 

Gross Postmoi tern Examination — Autopsy was performed ten hours post 
mortem 
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General The body was that of a slightly undernourished but normally developed 
man, about 140 pounds (63 5 Kg) in weight and 5 feet and 8 inches (173 cm) 
in height The skin over the arms, chest and back showed light brown pigmenta- 
tion and scaling, somewhat more prominent over the chest anteriorly The 
scrotum was edematous The extremities were noimally developed but showed 
some irregular swelling of the knee and ankle joints The greater portion of 
swelling appeared to be edema of soft tissues, most pronounced about the ankles 
and feet The phalangeal joints of the hands were irregularly prominent 
Exploration of the right knee disclosed smooth articular surfaces and normal- 
appearing synovial fluid 

Lungs The right pleural cavity contained 750 cc and the left 500 ct of 
serous slightly yellow fluid The lungs were relatively voluminous There were 
no adhesions The lungs weighed 800 Gm each The pleurae were smooth and 
grayish blue and not infrequently finely granular, owing to a minute grayish 
white hyaline deposition In addition, over both apexes, especially posteriorly, 
there were large plaques, the largest being 3 cm long and 8 mm thick, of 
slightly elevated grayish white hyalin This was not associated with scarring of 
the underlying lung Two subpleural calcified nodules, about 5 mm in diameter, 
were at the posterior aspect of the lower lobe of the left lung 3 cm from the 
diaphragmatic margin Similar nodules occurred posteriorly in the lower lobe and 
in the middle lobe of the right lung, but these calcified nodules on section showed 
also anthracosis On section all the lobes were moderately subcrepitant, rela- 
tively firm and pinkish gray, with small poorly defined firmer foci of gray A 
moderate amount of slightly blood-tinged fluid could be expressed from the cut 
surface Occasionally throughout the lung, nodules, 3 mm or less in diameter, 
were encountered which were firm and black The bronchi were filled with 
yellowish brown mucus, and the mucosa was swollen The trachea and larynx, 
including the epiglottis, exhibited edema The pulmonary arteries and veins 
were normal 

Heart The pericardial cavity contained 75 cc of clear slightly yellow serous 
fluid The pericardium was thin, smooth and glistening throughout The heart 
weighed 375 Gm and was normal except for moderate coronary sclerosis 

Spleen The spleen weighed 175 Gm The capsule was slightly wrinkled, 
smooth and gray The cut surface was moderately soft and grayish red The 
trabeculae were indistinct The follicles were small and generally poorlj^ defined 

Gastrointestinal Tract The gastrointestinal tract was normal except for the 

old posterior gastrojejunostomy, with jejunal ulcer 

Liver The liver weighed 1,500 Gm The capsule was thin, smooth and 
reddish brown The cut surface was flat, normally lobulated and reddish brown 
The central zones were indistinct 

Lymph Nodes The bronchopulmonary lymph nodes were enlarged bilaterally 
and symmetrically, the largest being 2 5 cm in diameter They were discrete 
and soft and on section presented a bulging moist pink-gray surface which was 
homogeneous except for an occasional small focus of soft gray tissue Inferior 
to the bifurcation of the trachea the lymph nodes were similarly enlarged, the 
largest being 3 5 cm in length The nodes superior to the bifurcation and the 
peritracheal nodes presented a similar appearance and were up to 15 cm in 
length (fig 4) No nodes were palpated in the neck or axillae Abdominal 
periaortic and iliac lymph nodes were similarly enlarged, the largest being 2 cm 
in greatest diameter One node in the celiac region showed a focus of gray 
fibrous tissue 7 mm in diameter The inguinal nodes were slightly enlarged and 
appeared similar to those elsewhere The portal, gastric and mesenteric lymph 
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nodes showed no enlargement Bacteriologic examination of a bronchopulmonary 
node revealed no tubercle bacilli, and guinea pig inoculation gave negative results 

Bones The lumbar vertebrae and ribs showed no abnormality The marrow 
of the lumbar vertebrae was normal 

Mxcioscoptc PosUnoitem Exmnmatwn — The microscopic examination showed 
the following 

Heart Section of the left ventricle showed muscle fibers of average width 
or slightly attenuated, with no enlargement of the nuclei Throughout the myo- 



Fig 4 — A retouched photograph of the gross specimen The posterior aspect 
of the lungs shows the enlarged nodes, below the bifurcation, measuring 4 5 
cm in greatest diameter 


cardium were numerous, usually small and frequently perivascular areas of 
connective tissue which often appeared edematous and mildly infiltrated with 
lymphocytes and a few eosinophils There was slight extension of epicardial fat 
into the myocardium Occasionally within the connective tissue were small foci of 
irregularly oriented epithelioid-like cells, without giant cells and caseation but 
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with necrosis of collagen and a few lymphocytes In the plane of this section 
the foci were not related to the blood vessels The capillaries adjacent to the 
foci showed slight reduplication of the endothelium The epicardium was thick- 
ened, and throughout the epicardial fat was a scattering of lymphocytes, with a 
few leukoc3des, chiefly eosinophilic, which were more numerous near a large 
coronary artery There was considerable intimal and medial thickening of the 
two large coronary arteries, accompanied by hyalinization and lipoid deposition 
Arteries within the myocardium were generally not appreciably thickened 

Lung Sections from the upper and lower lobes of the lungs exhibited 
similar histologic pictures Scattered throughout, frequently in groups and some- 
w'hat more numerous in the vicinity of the small blood vessels and the bronchi, 
were numerous miliary lesions, which tended to remain in the alveolar wall The 
lesions were typified by small collections of epithelioid cells which centrally were 
irregularly arranged and peripherally showed a disposition to concentric arrange- 
ment Infrequently there were giant cells with three to fifteen nuclei simulating 
foreign body giant cells Occasionallj' cells within the lesions were pigmented 
There was no caseation, and the lesions tended to remain discrete, frequently 
being surrounded by collagenous connective tissue Scattered throughout the 
connective tissue were a variable but generally small number of small mono- 
nuclear cells, chiefly lymphocytes Intervening lung showed empty alveoli 
except for a scattering of desquamated cells and a few red blood cells In some 
foci the alveoli were partly collapsed, and a few were hyperdilated Some por- 
tions of the pleura showed no involvement or only an occasional lesion imme- 
diately beneath the pleura The pleura of the upper lobe of the right lung was 
greatly thickened by fibrous and hyahnized connective tissue, throughout which were 
collections of small mononuclear cells, chiefly lymphocytes, onlv one group of 
cells that were suggestive but not typical of nodules was seen elsewhere The 
section of the upper lobe of the left lung included a small pulmonary artery in 
which was hemispherical elevation of the intima, comprised of mononuclear cells, 
some of which were similar to those of the lesions previously described but in 
atypical arrangement There were also a few lymphocytes The remaining 
arteries and veins appeared normal 

The bronchi were normal although there were many peribronchial lesions 
A section of the lower lobe of the left lung showed healed lesions resembling a 
primary tubercle, with central caseation and calcification and a peripheral zone 
of dense hyahnized connective tissue There was considerable fibrosis of the 
adjacent lung Another section of the lower lobe of the left lung showed similar 
scarring and a portion of a calcified focus surrounded by dense connective tissue 
A section of the lower lobe of the right lung showed a subpleural nodule sur- 
rounded by dense hyahnized connective tissue and centrally comprised of acido- 
philic shadowy structural outlines, scattered throughout which was a small amount 
of black pigment There was mild fibrosis in the immediate vicinity, with 
mild lymphocytic infiltration and occasional lesions not typical of tubercles 
but similar to and less poorly defined than the lesions previously noted 

The trachea showed numerous lesions both immediately beneath the mucosa 
and among the mucous glands, where there were considerable distortion, fibrosis, 
round cell infiltration and degeneration The lesions here exhibited less tendency 
to peripheral concentric arrangement of cells, and the cells were more frequently 
irregularly than radially arranged The underlying stroma was edematous, and 
the vessels were slightly hyperemic 

Spleen The capsule was normal Scattered throughout the spleen were 
numerous lesions comprised of epithelioid cells without caseation The cells 
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were irregularly disposed, and there was no constant disposition to concentric 
peripheral arrangement The peripher 3 '’ was generally surrounded bj' a few 
lymphocytes and was poorly defined from the adjacent pulp Generally the 
stroma and the red pulp were moderately dense The sinuses for the most part 
were empty, although occasionally they contained red blood cells The malpighian 



Fig 5 — Photomicrograph of a section of the margin of a hilar node, showing 
sarcoid nodules and edema , X 300 


bodies exhibited slight activity and were moderate!} numerous The trabeculae 
were small and appeared normal 

Liver There was frequently an increase of connective tissue in the portal 
zones Scattered irregularly throughout the liver and confined to no particular 
zone were numerous lesions similar to those just described Some shoved con- 
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centric and others irregularly radial disposition of the peripheral cells, and there 
was frequently mild lymphocytic but rarely leukocytic infiltration at the periphery 
Giant cells similar to those previously described were occasionally encountered 
within the lesion Frequently there was a small amount of concentric collagen m 
the peripheral portion 



Fig 6 — Photomicrograph of a section through the center of a hilar node, 
showing edema and dilated sinuses , X 48 

Kidney Three sections from the kidneys showed a similar picture Infre- 
quently within the cortex and medulla were lesions similar to those already 
described 

Lymph Node Sections of portal, abdominal, periaortic, peritracheal and 
bronchopulmonary lymph nodes and lymph nodes inferior to the bifurcation of the 
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(rachea included areas of essentially similar change There were numerous lesions 
similar to those described in the lungs although showing more variation The 
lesions varied from small usually rather distinct collections of epithelioid-like 
cells, centrally irregularly arranged and peripherally either concentrically or 
irregularly radially disposed, to larger poorly defined lesions, with a few identi- 
fiable cells distributed throughout an acidophilic hyaline matrix that was usually 
rich in collagen (fig 5) Usually there was some peripheral collagen, and not 
infrequently there was some acidophilic intercellular hyalin centrally There were 
giant cells of foreign body type occasionally within the lesions No caseation 
but necrosis of collagen was noted Where the lesions were numerous and wide- 
spread, much of the architecture of the node was obliterated by fibrosis This 
was a prominent feature of the bronchopulmonary nodes Otherwise the nodes 
exhibited marked edema and slight hyperplasia (fig 6) The sinuses within the 
nodes and the external lymphatic vessels were widely dilated and frequently con- 
tained fibrin Section of a left inguinal node showed marked edema and dilatation 
of the sinuses but no definite lesions 

Skin Section of the skin from the chest showed a few small round cells 
about slightly ectatic vessels in the superficial corium Immediately beneath the 
corium in the fat and not apparently in relation to the vessels were a few lesions 
similar to those just described The basal cell layer of skin contained an increased 
amount of pigment A scattering of cells in the papillary layer contained golden 
brown rather retractile pigment The arteries were normal 

Aorta The intima and the inner portion of the media exhibited slight 

degeneration 

Thyroid Gland Several small lesions similar to those just described were 
irregularly scattered throughout the gland, otherwise it was normal The 
parathyroid glands were normal 

Bone Sections of a lumbar vertebra and a rib showed slightly hyperplastic 
marrow 

Final Diagnosis — The final diagnosis was sarcoid, with involvement of the 
bronchopulmonary, tracheal, paravertebral, iliac and inguinal lymph nodes, lungs, 
trachea, heart, spleen, liver, thyroid gland, kidneys and skin, edema of the 
larynx and trachea, bilateral hydrothorax, a healed primary tuberculous complex 
(calcified), and duodenal and jejunal ulcers (with old posterior gastroenterostomy) 


COMMENT 

In this case, greatly enlarged bilateral hilar lymph nodes were at 
first presented, these cleared up completely and later recurred More- 
over, the autopsy revealed the mechanism involved, an intense and 
extensive edema of the nodes, with the presence of sarcoid lesions 
(fig 6) The roentgenograms and the photographs of the gross speci- 
men (figs 1 to 4) plainly showed the large size and discrete character 
of the nodes, one measuring 4 5 cm in diameter, largely because of 
edema 

There was no evidence of active tuberculosis, in spite of vigorous 
search and animal inoculation A tuberculin test two years before death 
gave a negative reaction A healed primary pulmonary lesion, probably 
tuberculous, was present 
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For the first time lesions in the kidney and thyroid gland are 

I eported 

Extensive and characteiistic changes in the lungs, with surprisingly 
few symptoms, are usually present The peisistent cough m this case, 
an unusual featuie, was probably due to the tracheal lesions, which were 
demonstrated at autops}'- The striking changes m the lungs, thought 
at first to be due to Hodgkin’s disease, gave an immediate response to 

II radiation that was discoui aging, yet m less than one year the loent- 
genogiaphic appearance of the chest was absolutely normal (fig 2 ) 
Aftei another year the patient became definitely woise, with progiessive 
arthritis At this time there was a recurience of the pulmonary changes, 
and the true natuie of the condition A^as detei mined 

SUMMARY 

A case of Boeck’s saicoid is piesented m which the patient was fol- 
lowed foi two years, the diagnosis was made ante mortem and autopsy 
confirmed it Lesions weie present in the lung, skin, livei, spleen, myo- 
caidium, lymph nodes, tiachea, thyroid gland and kidne} Edema of 
the lymph nodes may be an important factor m their enlaigement This 
case claiifies the mechanism involved m huge though vaiiable lymph 
nodes 

It IS again emphasized that sarcoid may be geneiahzed and may 
present changes sufficient to make a tentative diagnosis possible not 
only on the basis of the cutaneous manifestation but also from changes 
m the lungs as v ell as m the bones 



ORAL RAGWEED POLLEN THERAPY 

CLINICAL RESULTS OF EXPERIMENTS ON GASTROINTESTINAL 
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CHICAGO 

The evident disadvantages of hypodeimic administiation — discom- 
foit, expense and liability to leactions — have resulted in lepeated 
attempts to substitute oial administration in immunotherapy Much has 
been said concerning the oial use of typhoid vaccine, cold vaccines and 
extracts of poison ivy Although theie is no evidence of great effective- 
ness of this method in the pievention of typhoid, the common cold and 
rhus deimatitis, the simplicity of the proceduie has aroused inteiest 
among members of the medical piofession and the public It is but 
natuial, therefoie, that for a disease as common as hay fever such tieat- 
ment should be suggested and ti led 

In 1922 Touart ^ reported the lesults of treatment of 6 patients with 
hay fever by daily ingestion of a tablet containing 0 1 mg of pollen 
protein coated with phenyl salicylate The patient with alleigy to glass 
pollen obtained relief, but only 1 of those with alleigy to ragweed pollen 
was relieved Black,^ experimenting on himself, found that ragweed 
antigen could be demonstiated in the blood and urine after the ingestion 
of faiily large amounts of pollen extract The method he used to 
demonstiate ragiveed antigen in the seium was to test himself intia- 
dermally with his own seium and also to test with the same seium the 
skin of a passively sensitized nonalleigic person Latei, Black® 
employed oral theiapy for seveial patients with glass oi lagweed sen- 
sitivity and compared the results with those for patients tieated by the 
h 5 ’^podermic method Complete failures occuired in 20 per cent of the 
cases with oral theiapy as against 6 pei cent with the injection method 

From the Department o£ Medicine, Northwestern University Medical School 

1 Touart, M D Hay Fever Desensitization by Ingestion of Pollen Pro- 
teins, New York M J 116 199 (Aug 16) 1922 

2 Black, J H The Oral Administration of Pollen, J Lab & Clin Med 
12 1156 (Sept) 1927 

3 Black, J H The Oral Administration of Pollen A Clinical Report, 
J Lab & Clin Med 13 709 (Ma> ) 1928 
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In 22 2 per cent of the cases of pollen asthma, complete failure resulted 
with oral therapy, while with the hypodermic method no absolute failures 
were noted 

In his treatise on hay fever Thommen ^ cited a satisfactory result 
in a case of hay fever m which pollen was given orally Such attempts 
m other cases gave variable results Thommen was not favorably 
impressed with this method because of the large amounts of extract 
required and the variability of enteral absorption Urbach ° has pub- 
lished a number of communications m which he has claimed to have 
obtained satisfactory results in hay fever by the use of peptones of the 
specific pollen administered orally He has also reported similar results 
with the use of peptones made from the entire pollinating flower 

In 1933 and 1934 Gatterdam® reported on the use of oral pollen 
therapy In 75 to 85 per cent of a senes of 85 patients thus treated 
marked lelief was obtained The pollen was given twice daily, with 
additional doses during attacks The usual amount was from 3 to 15 
drops of a 3 per cent extract Occasionally mild urticaria or hay fever 
resulted from overdosage The pollens used were those of cottonwood, 
ash, Bermuda grass, rabbit bush and false ragweeds 

The fact that a number of hay fever sufferers had claimed that they 
obtained relief by eating honey produced m their vicinity led McGrew 
to suspect that the pollen in the honey was responsible for the result He 
therefore tried oral pollen therapy A 1 per cent extract of pollen was 
employed coseasonally, 1 to 10 drops being given three times daily or for 
the immediate relief of an individual attack Overdosage caused aggrava- 
tions of symptoms Of 33 patients thus treated, 29 were improved 
Those with multiple allergy or with asthma did not do so well 

The most favorable report was that of Stier and Hollister,® who 
obtained satisfactory results m 78 per cent of a large series of cases m 
an experience extending over three years Their best results were 

4 Thommen, A A Asthma and Hay Fever m Theory and Practice, Spring- 
field, 111 , Charles C Thomas, Publisher, 1931, p 764 

5 Urbach, E Desensibihsierung pollenallergischer Individuen auf oralem 
Wege mittels artspezifischer Pollenpeptone, Khn Wchnschr 10 534 (March 21) 
1931, Die Behandlung des Heufiebers mittels artspezifischer Graserbluten- 
Propeptane bzw Pollen-Mikromahlzeiten, ibid 12 1797 (Nov 18) 1933, 
Pathogenese und Therapie des Heufiebers, Wien klin Wchnschr 47 1073 (Aug 
31) 1934, Die biologische Behandlung des Heufiebers, Munchen med Wchnschr 
84 488 (March 26) 1937 

6 Gatterdam, E A Oral Administration of Pollen Extracts, Southwestern 
Med 17 199 (June) 1933 , Hay Fever in Central Arizona and Its Treatment with 
Oral Extracts, ibid 18 130 (April) 1934 

7 McGrew, G D Time and Money Saved in the Treatment of Hay Fever, 
Mil Surgeon 80 371 (May) 1937 

8 Stier, R F E , and Hollister, G Desensitization by Oral Administration 
of Pollen Extracts, Northwest Med 36 166 (May) 1937 
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obtained with the coseasonal method of administration The pollens used 
consisted of a large variety but did not include ragweed pollen The 
doses consisted of 3 drops of a 1 100,000 dilution of pollen to a 
maximum dose of 21 drops of a 1 100 dilution Most patients required 
a quantity of the 1 100 solution daily In a few instances mild sys- 
tenlic symptoms were observed 

Bernstein and Kirsner,® administering a 5 gram (0 3 Gm ) capsule 
of ragweed pollen orally, weie unable to demonstrate enteral absorption 
sufficient to cause a reaction in the passively sensitized skin of 4 non- 
allergic persons No mention was made of any attempt to compare by 
the same technic the presence of the ragweed antigen in the circulation 
after it had been administered hypodermically These authors also 
corroborated previously recorded observations that digestion of pollen 
by gastric juice caused only a moderate diminution of the cutaneous 
reactivity of ragweed pollen 

Because almost all the successful results concern districts either 
entirely free from ragweed pollen or having comparatively little of it and 
because as a rule protection to pollen allergy other than that of ragweed 
IS more easily attained, it was thought best to make a study of oral ther- 
apy of patients with ragweed sensitivity m a community representative 
of the Middle West 

EXPERIMENTS ON GASTROINTESTINAL ABSORPTION OF POLLEN 

It was deemed advisable by us to make studies on gastrointestinal 
absorption of pollen before we ventured into the problem of oral therapy 
This we considered essential in order to have at least a rough estimate of 
the doses to be used clinically 

We employed for this purpose a method previously used by us in demon- 
strating quantitatively the absorption rate and tide of injected antigens In the 
experiments reported earlier we sensitized a number of sites on several persons 
with serial dilutions of serum containing ragweed reagin Within a few minutes 
after the injection of a ragweed extract, reactions began to appear in the sensitized 
areas The appearance time of the first reaction, the time at which the last reaction 
took place and the highest dilution of reagin at the site of which a reaction was 
obtained gave an indication of the rate and degree of absorption of the pollen 
antigen With the average serum and the average subject, 0 5 mg of pollen 
injected hypodermically was sufficient to cause a reaction 

For the purpose of the present experiment, one arm of each of 17 nonallergic 
subjects was sensitized with serial dilutions of serum containing ragweed reagins 
Twenty-four or forty-eight hours later pollen was administered orally, either as 
whole pollen in capsules or in water or in the form of extracts The doses varied 
from IS mg in the earlier experiments to 5,000 mg in later trials When no 

9 Bernstein, C , Jr , and Kirsner, J B Oral Pollen Therapy, J Allergy 
8 221 (March) 1937 

10 Feinberg, S M , and Bernstein, T B A Method of Measuring Rate and 
Degree of Absorption of Antigens, J Allergy 8 523 (Sept) 1937 
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leactions occurred in the sensitized arm, a subcutaneous injection of 1 cc or a 
1 66 (15 mg) dilution of the extract was administered, usually on the following 
da^ In some instances the technic was varied by sensitizing the opposite arm 
W'lth the same serum several days after the oral administration of pollen and by 
testing the effect of a dose given subcutaneously in both arms 

Comment — The lesults aie lecorded in table 1 Aftei the subcutane- 
ous injection of 15 mg of pollen, leactions occuired in sensitized aieas 
m all the cases in sites ranging fioin the fourth to the seventh (seium 
dilutions of 1 8 to 1 64) With oial administration, all except 1 patient 


T \BLE 1 — Results of Otal and Subcutaneous Admimsti ation of Pollen to 
Passively Scnsitiacd Subjects 


Case 

Xo 

Ragweed Material 
Given Orally 

Rcac 

tion 

Highest Site 
Reacting to 

1 Cc of 1 CG 
Subcutaneously 

Serum 

Pilu 

tion 

Pactor’ 

1 

1 CC of 1 G6 

0 

4 

1 S 

S+ 

2 

1 ec of 1 CG 

0 

5 

1 IG 

1C+ 

3 

5 ee of 1 CG 

0 

4 

1 S 

40+ 

4 

2 5 ce of 1 33 

0 

5 

1 IG 

80+ 

5 

15 ce of 1 33 

0 

5 

1 1C 

480-1- 

0 

10 cc of 1 CO 

30 ce of 1 33 

0 

0 

/ Xot tested subcut^neous^y (left hospital) 

7 

Pollen, 1 Gm 

1 32 

4 

1 S 

17 

S 

SO cc of 1 33 

0 

0 

1 32 

1,920+ 

9 

Pollen, 1 Gm 

0 

G 

1 32 

1,920+ 

10 

30 cc of 1 33 

0 

C 

1 32 

1,920- 

11 

Pollen, 5 Gm 

0 

5 

1 1C 

4,800+ 

12 

SO cc of 1 33 

0 

7 

1 C4 

3,840+ 

13 

Pollen, 5 Gm 

0 

5 

1 1C 

4,800- 

14 

30 cc of 1 33 

0 

7 

1 04 

3,840+ 

15 

Pollen, 1 Gm 

0 

7 

1 04 

3,840+ 

IG 

Pollen, 1 Gm 30 cc of 1 33 

0 

5 

1 1C 

1,920+ 

17 

Pollen, 1 Gm , 30 cc of 1 33 

0 

Xot tested subcutaneously (left hospital) 


Oral dose — highest dilution of reagin 
Subcutaneous dose — highest dilution of reagin 


failed to show reactions of the sensitized areas The subject showing 
leactions obtained them wuth the serum dilution as high as 1 32 while 
w ith the subcutaneous injection he showed a reaction in the site of injec- 
tion of the 1 8 dilution (This subject had a bleeding gastric caicmoma, 
and it IS barely possible that some of the ingested matei lal gained direct 
entiance to the circulation by way of open vessels ) By dividing the 
subcutaneous dose by the highest dilution of the reagin at which a leac- 
tion w^as obtained and by compaiing the latter figuie with the figuie 
obtained in the same way by oral administration, a factor was computed 
which IS lecorded m the table foi each subject This factoi repiesents, 
subject to the experimental conditions, the minimal lelative amounts 
of pollen to be taken orally in older to obtain the same amount of cir- 
culating antigen as is obtained by hjpodeimic admimsti ation The 
figuies lange as high as 4,800 times Since m all instances except 1, no 
reactions w^eie obtained, the factor may w’^ell be above that m some cases 
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The criticism may be ofteied that even though no visible reactions 
occui at the sensitized sites aftei oial administiation, neutiahzation oi 
desensitization of those aieas may still take place To settle this ques- 
tion, the following experiments ueie made on 6 nonalleigic subjects 
The left aim was sensitized as m pievious expeiiments Ragveed pollen 
(maximum dose of 5 Gm ) was given orally No leactions occuried 
Se^eial da}s latei the right aim vas sensitized with the same seium On 
the following day the standaid dose (1 cc of 1 66 dilution) of pollen 
was given subcutaneously In eveiy instance the fiist leaction (in the 
left arm) ^^as at least as lapid as that m the light aim, and the height 
of the leaction was not exceeded m the light arm This constitutes defi- 
nite ewdence of a lack of invisible desensitization by oial administiation 

EXPERIMENTS ON ORAL POLLEN THERAPY 

Twenty patients allergic to rag\\eed were given oral pollen therapy Of these, 
11 had had no pollen therap}" prior to 1937, and 8 had had no pollen therapy 
during 1937 Of the 12 patients wdio had had hypodermic pollen therap}’- during 
1937, onb' 1 had had sufficient treatment to lead us to expect satisfactory results 
Oral therap 3 " was given after the patient showed symptoms on presenting himself 
Ihe duration of treatment w'as from one to three weeks In determining the 
strength of the initial doses w'e had in mind the relation of the oral to the hypo- 
dermic dose, as showm in the experiments described earlier in the paper One 
drop of a 1 33 extract of ragw'eed pollen w’as regarded as a probably safe initial 
dose, since it is about 450 times the strength of the first dose (0 05 cc of a 
1 10,000 extract) usually given hypodermicallj' The doses were given three times 
daily w'ell diluted In most instances the maximum dose w^as 10 to 15 drops at the 
end of a w'eek In 2 cases a maximum dose of 30 drops was used 

Comment — Table 2 indicates the lesults and othei data coiiceining 
these patients In 18 cases no benefit whatever was appaient with legaid 
to the sjmptoms of hay fever and asthma In 2 cases (cases 14 and 19) 
there was moderate improvement In 1 of these 2 (case 14), while theie 
w^as some impiovement in the hay fevei, theie was no impiovement m 
the asthma In other words, there was no amelioration of the asthma 
in any instance Attention should be called to the fact that m evaluating 
lesults 3ve took into consideration the type of days encountered and 
the degree of suffeimg repoited by the general group of patients vith 
hay fevei Without such a yardstick, as one of us (S M F ) ^^ has 
previously emphasized, therapeutic lesults in hay fever can hardly be 
consideied seriously 

In 6 cases the pollen extract caused marked gastrointestinal dis- 
tuibances, consisting mainly of colick}'- abdominal pain and nausea One 
patient failed to follow directions and ingested the extract several times 
without diluting it This resulted in sore tin oat and inability to S 3 vallow 

11 Feinberg, S M A Method of Evaluation of Results in Hav Fever Its 
Application to Certain Modes of Treatment, Ann Int Med 6 1153 (Alarch) 1933 





c> 

Q 

6 






I 

o 


53 

C) 

£5 

■*«a 

2 


u: 

i-j 

» 

c 

H 


« 


>» a 
Go 

C3 03 
*-♦ C 

s § 

;? 3 cQ 

gg, 

P 5 !S 

o cm 

I" 

OC 3 


'O 

o 

A 

P-> 

w 


• I « 

M g cj S ” 
CaHcoss — 
rH o o CJ 
a S"" - ^ 


u 

a 

10 

rH 

> 

0 

•M 

C3 

>, 

-3 

•M 

P 

JS 

03 

A 

'© 

u 

B 


a 

S 


A 

E 


l-t 

CJ 

T3 

'p 

'O 

'P 

fp 

p 

P 

p 

p 

,. P 

P 


P 

p 


P 

CO M 

A A 

eS^ ei 

C) P* 0 

g 2 0 

P 

0 

P £ 

W © t/3 

(O'© U3 

03 


p p 

P _ 

_ P 

P 

GJ g 

P '0 p 

P P 

P 

10 0 

a 

8 

8 

8 



® o 
gS 


'O 

O -M-M 
^*M C- Q 

0 ®S§ 

P4 Eh« 


« w " «£? 

03 Q, !> *H 

OW« 


g m 

Q 

0*5 ^ 

c OfSi: c.a c G 
_____ o O^o^*© o o 
A^u ^ ^ 

■S n-^ 

C G 


© 

P P 

o o 


p p 
o o 


^ s 
£«g 

p p p -gioS p 
O .0 O £p >■ 03 O 


p p 
©O'© 


o-A 

>> 0 


es**-* 

£i 


00 CO W fH 


O C3 C3 O 


A CO CO 

r-t r-( c 6 c/) i-* ^ 

f-H rH C^ f-< C^ M i-H 

O A CO CO CO CO CO 


O O O O O A O 


© 

O 

Ph 


o o 
© © 


> O o w 
•^PPhP 


0000 
c^^ ^ ^ 


« 

Ah 


O C3 

O Ah 


o 

o 

Ah 


Ah 


P fl u 
P X O 


o 

p 


tfl o o * ^ o 

.P A CO 

02 CO CO 


p 




U) 

<J 




r-| 03 CO A CO 


s s s 

A A CO 
•3« *<151 

C 3 C^ 

A « CO 


83 


CO A CO CO 
-M 00 

I-* c5 rH f-< 
CO CO CO CO 


lO A 3^5 O A O 10 


r}i * 1 ' CO ^ 

A A CO A 
rH CO CO lA 
M f-J r-< CJ 

00 CO CQ 00 


00 © O J'i O 


^ ^ 

Ut 


Q 

0 ft 

^4 

Q 

© 0 © 

0 © © 

0 

0 

0 

0 

w w 

p 0 

© 

P< fM Ph 

Ah 

Ah 

Ah 

Ah Ah 

Ah 


00 © © © © © 


'C 

o 

o 

O 


© © © c © © o 


© © © © 


'O M 

O » O O 
©POO 

a a 


y 10 A 

S S 


10 

10 

7 

7 

40 

6 

12 

t-t r-t t* 

11 

1 

9 

3 

to TO 

3 

5 

8 

10 

<!<!<!<!<!<!<! 

<j <; <! 

<!■<!<! 

<) <! 


oj oj oj 0,3 

^ a} 

^ 03 «3 

t3 e3 


(ii 8 8 8 ^ &i 

Pm &( 8 

Ph W 

W pt( 

^ ptl ptl 

w w w w w w w 

WWW 

W W W W 

w w 

w w w w 


Ah 3 Ah AhSAh^ SPh SSSS 


O O ^ CO 10 

10 W ’>3’ 


CO A © r-« tM CO 


CO W O 


10 © tx CO A O 


HP indicates hay fever, and A, asthma 



BERN STEIN-FEW BERG— RAGWEED POLLEN THERAPY 303 


food for several hours subsequently Apparently there was a local 
reaction in the esophagus One patient thought that the oral therapy 
increased his hay fever Any possible increase in hay fever symptoms 
could not be definitely ascertained in this case or in the others because 
of the previous existence of active symptoms To determine this effect, 
preseasonal oral therapy will probably have to be tried 

COMMENT 

It may be argued that the doses used were not therapeutically 
adequate We are inclined to believe that such is the case, in view of 
our experimental results and since in the group of patients with hay 
fever absorption of the antigen may be even less than in the nonallergic 
subjects However, there is a definite obstacle to the use of much largei 
doses, 1 e , the tendency for marked local reaction in the gastrointestinal 
tract Furthermore, the variability of enteral absorption tends to lead 
occasionally to marked overdosage Criticism can be leveled at our 
experimental work because it was done on nonallergic subjects It 
should be remembered, however, that m other experiments in the past 
it has been found that the allergic subject shows even more diminished 
absorption than the nonallergic subject Again, our previous experi- 
ments and present control experiments on hypodermic absorption 
were done on nonallergic subjects 

Perhaps a serious objection to our report is that all the therapeutic 
work was done coseasonally We admit that with a long-continued pre- 
seasonal method of oral administration of pollen the results might have 
been different We believe, however, that our work compares favorably 
with that of others, since coseasonal therapy was studied in most of 
them Our lack of successful results may possibly be due to the diffi- 
culties encountered in desensitizing patients with ragweed sensitivity as 
compared with those encountered m desensitizing patients with other 
types of pollinosis We realize that our group of cases is a small one, 
but we believe that the close study of the patients, coupled with the 
experimental work on absorption, makes the interpretation of our results 
of significance 

The disadvantages of hypodermic therapy, to which attention is 
called earlier in the paper, seem to apply almost as well to oral therapy 
From our experience we doubt whether the average sufferer from hay 
fever would consider the discomfort of a gastrointestinal reaction less 
than that of the hypodermic needle The total cost of frequently 
administered large doses orally would probably be greater than the 
physician’s fee for a course of hypodermic injections The question of 
constitutional reactions cannot be determined at this time, and we there- 
fore cannot argue that point 
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SUMMARY 

A group of 20 patients with lagweed hay fever and asthma weie 
given oral doses of pollen extracts, beginning with 1 drop of a 1 33 
dilution and reaching a maximum of 10 to 30 diops thiee times daily 
Eighteen weie not benefited and 2 obtained model ate benefit Gastro- 
intestinal complaints weie common Expeiiments on absoiption of 
ragweed pollen oi extract administered oially to nonalleigic subjects 
indicate that the amount of the antigen leaching the circulation in a 
unit of time is not moie than about one foui thousandth of the amount 
demonstrated in the circulation aftei hypodeimic administration We 
are justified in the conclusion that in iagi\eed hay fe\ei in the jMidclle 
West, coseasonal oial pollen theiap} is of little \alue 

4753 Broadway Avenue 

185 North Wabash Avenue 
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INFECTIOUS DISEASES 

REVIEW OF CURRENT LITERATURE 
HOBART A REIMANN, MD 

PHILADELPHIA 

During the past year much new information was gathered concern- 
ing influenza, streptococci, chemotheiap} and a number of “new” and 
rare diseases The program for the control of pneumonia has widened 
so that many states have organized commissions and committees for 
the study and contiol of pneumonia and a national committee has been 
appointed b}' the surgeon general It is fortunate that concerted studies 
are now being made on some of the most common of all human ills, 
namely, infections of the respiratory tract Whatevei success attends 
the eftorts in prevention or control of colds, catarrh and influenza will 
automatically reduce the incidence of pneumonia, for m most cases 
pneumonia is preceded by a mild infection of the respiratory tract 

INFLUENZA 

A report of important studies on influenza by English investigators 
IS embodied in a monograph published by the British Medical Research 
CounciU The clinical desciiption of influenza in patients pioved to 
harbor the virus now believed to be the cause of the disease is similar 
in most lespects to the description of the disease as it occurred m 
pandemic form in 1918-1919 A few differences Avere noted in recent 
epidemics (1) symptoms of profound mental depression Avere absent, 
(2) relative bradycardia Avas not found often, (3) convalescence was 
rapid and (4) the leukocyte count was usually noimal or slightly 
mci eased and leukopenia was uncommon The erythrocyte sedimenta- 
tion rate AA^as seldom increased in cases of uncomplicated influenza 
. Influenza manifests itself with varying degrees of severity, which 
may be listed in order as follows (a) subclinical infections without 
symptoms, (&) “simple” influenza, (c) influenza Avith bronchiolitis and 
(d) influenza pneumonia Although influenza can be diagnosed AAUth 

From the Jefferson Medical College and Hospital 

1 Stuart-Harns, C H , Andrewes, C H , Smith, W , Chalmers, D K M , 
Cowen, E G H , and Hughes, D L A Study of Epidemic Influenza, with 
Special Reference to the 1936-1937 Epidemic, Medical Research Council, Special 
Report Senes, no 228, London, His Majesty’s Stationery Office, 1938 
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certainty only when the virus is recovered, the authors attempt to sepa- 
rate influenza from other infections of the lespiratory tract, such as 
“febrile catarih,” simple coryza, pharyngitis and stieptococcic tonsil- 
litis, and give the following summary of features to assist in a clinical 
difterentiation 

I EPIDEMIC INFLUENZA 

1 History — Onset is sudden without premonitory symptoms The first symp- 
toms are general or constitutional, comprising headache, shivering, muscular pains 
and dizziness Respiratory symptoms develop later with coryza, sore throat and 
cough 

2 Course of the fevei — Rapid rise of temperature on the second day of 
illness may or may not be followed by a remission of temperature on the third 
day, but there is usually renewed pyrexia on the fourth day General symptoms 
continue to dominate the illness but a short cough with but slight expectoration 
IS more prominent during the later stages 

3 Geneial aspect — The typical facies is heavy and drowsy with drooping 
eyelids, glistening eyes, dusky facial flush and slightly cyanosed lips 

4 Physical signs — These are, obstructed nose, furred tongue, husky but not 
hoarse voice, the signs of pharyngitis The particular characteristics of the 
pharyngitis are its posterior position, its large-vessel injection, a tendency to 
dryness, and a granular appearance Signs in the chest comprise rhonchi or a 
few rales at the bases towards the end of the fever 

5 Complications — Chest complications predominate over all others with a 
characteristic picture of “bronchiolitis,” and a range of pneumonic conditions also 
characteristic clinically Pneumococcal complications are common Sinusitis 
occurs chiefly as a late sequela 

6 Vaiiations — On the whole cases are remarkably uniform in clinical appear- 
ance and there is no tendency to admixture with other diseases such as tonsillitis 
The most important variation from the typical case is the case with chest com- 
plications 

7 Chai actenstics of epidemic — The epidemic appears suddenl}% rises rapidlv 
to a peak and disappears within about 2 weeks if the population is a closed one 

II “febrile catarrhs” 

In contrast with the features described above as characteristic of epidemic 
influenza, the catarrhal conditions which were studied in the Woolwich and 
Chatham (November) epidemics showed the following characteristics 

1 Histoiv — Onset is insidious wuth premonitory “cold” and cough for several 
days Respirator}’^ svmptoms usher m the disease and sore throat and cough 
dominate the picture Cough is paroxysmal, irritating and painful, with suh- 
steinal soreness over the trachea Expectoration varies greatlj, being some- 
times piofuse Hoarseness of the voice develops 

2 Coin le — General symptoms of illness are overshadowed at the onset but 
are present during the fever with headache and muscular pains The fever has 
no chaiacteiistic course and shows no special tendency to be diphasic in type 

3 Gcncial aspect — Often that of a patient with a heav^y cold, or with brightly 
flushed face, miected conjunctivae and slightly cjanosed lips 

4 Physical signs — These are obstructed nose, clean or furred tongue, hoarse 
voice, and signs of tonsillitis or phar 3 ngitis Signs of tonsillitis are involvement 
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of the anterior as well as the posterior part of the fauces, intense capillary 
injection, and exudation of mucous, mucopurulent or follicular material Signs 
m the chest are absent usually but rhonchi may be heard 

5 Complications — Chest complications are commoner than others and com- 
prise bronchitis of large or small tubes, or bronchopneumonia The haemolytic 
streptococcus is a common mcitant of the chest complications 

6 Vaiiaitons— The clinical picture A^aries greatly with alternation of the 
pharyngo-laryngo-tracheitis syndrome and frank tonsillitis, liable to be con- 
fused with follicular streptococcal tonsillitis 

7 Chat actenstics of epidemic — Gradual development from the basal respira- 
tory disease of the population (coryza and tonsillitis) Slow rise and fall with 
prolonged duration of epidemic over several weeks 


In tabular form the essential clinical features are contrasted as 


follows 


Epidemic Influenza 


Febrile Catarrhs 


Onset 

Sudden 

Insidious 

Symptoms 

Constitutional symptoms 
predominate 

Respiratory sjmptoms pre 
dominate 

Cough 

Short and dry 

Paroxjsmal, irritating, pain 
ful, often productive 

Voice 

Husky 

Hoarse 

Throat 

Posterior phar>ngitis no 
exudate 

Tonsillitis as well as pharjn 
gitis, exudate common 

Fever 

Sometimes diphasic 

Rarely diphasic 

Complications 

Bronchiolitis and pneumonia 

Bronchitis or broncho 
pneumonia 

Epidemic 

Short with rapid “peaking’' 

Prolonged and “grumbling” 

Contacts 

Clinical picture uniform, 
although graded m seventy 

Clinical picture variable 
with frank tonsillitis 
in contacts 

Leukocyte count 

Not diagnostic 

Not diagnostic 

Virus 

Influenza virus recoverable 
from pharynx 

Influenza virus not con 
cenied 


The monograph contains a detailed repoit of experiments with the 
use of vaccine and of specific immune serum in the prevention and 
treatment of influenza Vaccine increased the specific immune bodies 
in the blood strikingly, even to some extent against influenza viruses 
slightly different serologically from the strain used as the antigen The 
experiments are also described m a separate publication by Andrewes ® 
He asserts that contrary to much opinion, a virus vaccine killed with 
foimaldehyde is as effective an antigen as a living one Difficulty was 
encountered in preparing a vaccine free from undesirable protein mate- 
rial He vaccinated several groups of volunteers with virus inactivated 
with solution of formaldeh)ffie and succeeded in inci easing the anti- 
bodies against influenza m the blood The antibodies reached their 
height in about a fortnight It was disappointing that in several per- 
sons thus vaccinated influenza developed, which indicates that the vac- 

2 Stuart-Harns, C H Epidemic Influenza, Bnt M J 2 516-518 (Sent 11) 
1937 

3 Andrewes, C H Influenza Four Years’ Progress, Bnt M J 2 513- 
515 (Sept 11) 1937 
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cine IS not as yet reliable The results obtained by ti eating patients with 
immune horse serum were not convincing, but the severity of the infec- 
tion in mice was definitely lessened even if the seium was injected on 
the first or the second day of the disease 

Francis and his co-workers ^ studied an epidemic of disease of the 
lespiratory tract in the winter of 1936-1937 The washings from the 
throat in 52 of 100 cases contained the virus of epidemic influenza 
In 48 cases a diagnosis of influenza was made on the basis of neutrali- 
zation tests and the complement fixation reaction By using the same 
procedures, numbers of patients with infection of the respiratory tiact 
weie found duimg the epidemic whose disease was caused by some agent 
other than the influenza virus The authors emphasize the importance 
of persons who have mild or subclimcal infections as disseminators of 
infection Mild or subclimcal infections probably account for the 
frequency with which evidence of immunity is found in the apparent 
absence of a preceding attack of influenza 

Two British investigators ^ were successful in vaccinating mice 
against influenza by using heat-killed suspensions of “elementary 
bodies” of influenza virus These bodies were obtained by differential 
centrifugation and were believed by the authors to contain the immuno- 
genic fraction of influenza virus Less success attended the immunization 
of feiiets, but since large doses of viruses were necessary to infect 
these animals the authors are still optimistic about the success of the 
vaccine if given to human beings 

Neal and Wilcox ^ studied a numbei of patients who supposedly 
had influenza and in whom encephalitis later developed to find whether 
the two conditions were etiologically i elated In several cases no evi- 
dence was found to confirm a diagnosis of influenza It is also known 
that animals experimentally infected with influenza virus do not show 
nervous symptoms, and in many outbreaks of influenza, encephalitis 
does not occur , both facts fail to support any relation between the two 
It IS unknown whether certain acute infections of the respiratoiy tract 
permit the invasion of an agent which causes encephalitis or whether 
the first symptoms of encephalitis itself are manifested in the respira- 
tory tract Hambuiger discusses various opinions concerning the effect 

4 Francis, T , Magill, T P , Rickard, E R , and Beck, M D Etiological 
and Serological Studies in Epidemic Influenza, Am J Pub Flealth 27 1141- 
1159 (Nov) 1937 

5 Fairbrother, R W , and Hoyle, L Active Immunization Against Experi- 
mental Influenza Use of Heat-Killed Elementary Body Suspensions, Brit J 
Exper Path 18 430-435 (Dec ) 1937 

6 Neal, J B , and Wilcox, H L Does the Virus of Influenza Cause 
Neurological Manifestations^ Science 86 267-268 (Sept 17) 1937 

7 Hamburger, W W The Heart in Influenza, M Chn North America 
22 111-121 (Jan) 1938 
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of influenza on the heart It seems that influenza is not a frequent 
cause of heart disease, yet in a certain number of patients evidence of 
disoidei of the circulatory S 3 ^stem is present 

The detection of an epizootic virus disease of ferrets by Slanetz 
and Smetana ® must serve as a warning to those who employ these 
animals for the diagnosis of influenza The clinical course of the 
infection resembles the disease caused by the inoculation of ferrets with 
human influenza virus, but there seems to be no immunologic relation 
between the viruses of ferret disease, of human influenza and of canine 
distemper 

Influenza Pneumoma — Seveial studies based on the newly discov- 
ered virus of influenza seem to claiify a numbei of problems concerning 
influenza pneumonia Stiaub ® studied the lungs of mice infected with 
the virus and found necrobiosis and fibroid necrosis of the epithelium 
of the respiratory and terminal bronchioles leading to complete desqua- 
mation There were secondary dilation of the bronchioles and collapse 
of the alveoli, with edema and hyperemia The cellulai reaction was 
chiefly of the mononuclear type of cell The lesions as desciibed were 
strikingly like those reported by MacCallum, Goodpasture and others 
in human beings in the 1918-1919 pandemic, at which time a number 
of observeis suggested that a virus may be operative Snow and Cas- 
sasa note the frequency with which emphysema and atelectasis occur 
in human beings with influenza Scaddmg reports a study of 58 
patients with influenza Of these patients, 18 gave no evidence of 
pulmonary involvement, in 21 there were physical signs of congestion 
and in 19 there was evidence of consolidation Seven of the last- 
mentioned group died Bacteriologic study of the sputum showed no 
special variety of bacteria to be present Pneumococci generally pre- 
dominated in the patients who had pneumonia In 1 case the staphylo- 
coccus alone was operative Scaddmg believes that the findings in his 
cases were essentially the same as those reported m 1918-1919 

It seems that heretofore thiee forms of pulmonary infection have 
been called influenza pneumonia The first is caused by the virus of 
influenza itself and perhaps lepreseiits the most severe form of the 
disease, the second is caused by the influenza bacillus of Pfeiffer and 
the third is caused by a variety of bacteria, either as single species 

8 Slanetz, C A , and Smetana, H An Epizootic Disease of Ferrets Caused 
by a Filterable Virus, J Exper Med 66 653-666 (Dec ) 1937 

9 Straub, M The Microscopical Changes in the Lungs of Mice Infected 
with Influenza Virus, J Path & Pact 45 75-78 (July) 1937 

10 Snow, W , and Cassasa, C S B Obstructive Emphysema and Atelectasis 
in Influenza, JAMA 109 1886-1888 (Dec 4) 1937 

11 Scaddmg, J G Lung Changes m Influenza, Quart J Med 6 425-466 
(Oct) 1937 



310 


ARCHIVES OF INTERNAL MEDICINE 


01 in mixtures, invasion being made possible by the haimful action of 
the viitis of influenza on the lung or by the shocklike reaction m cases 
of severe influenza Pneumonia in influenza may therefore be caused 
m at least two ways First, a specific lesion caused by influenza virus 
itself may be secondarily invaded b> othei bacteiia, second, pneumonia 
may occui as the lesult of seveie systemic infection with cii dilatory 
failuie and a shocklike condition during which the lungs are susceptible 
to infection with any oi all of a mixture of hacteiia which happen to 
be present m the respiiator}^ tract Recent studies have suggested a 
similai state of affaiis regarding the viius diseases measles, vaccinia 
and psittacosis 

Haemophilus Influenzae Meningitis — FotheigilP- repoits slight 
success m the treatment of meningitis caused by Pfeififei ’s bacillus with 
specific immune serum The mortality of untreated patients is neaily 
100 pel cent, it appealed to he reduced to 84 per cent by seium treat- 
ment In the years between 1933 and 1936 the following specific forms 
of meningitis were encountered among children 


Organism No of Cases 

Haemophilus influenzae 51 

Pneumococcus 38 

Streptococcus haemolyticus 36 

Tubercle bacillus 31 

Meningococcus 27 

Others 38 


The incidence of tlie influenza bacillus as a cause of meningitis is 
surprisingly large 

PNEUMONIA AND THE PNEUMOCOCCUS 

Perhaps the most important development in the field of pneumonia 
during the past year is the organization of committees or commissions 
m many states and cities for its stud)'’ and control and finally the 
appointment of a national committee by the surgeon general As pointed 
out by Cole m a recent paper, physicians acting individually or m 
small groups have not been eftective m controlling such epidemic dis- 
eases as tuberculosis, diphtheria and smallpox unless assisted by public 
health oi ganizations To popularize new methods for the control oi 
treatment of pneumonia or of any epidemic disease, it is necessary to 
provide for the instruction of physicians generally, particularly of those 
who have been m practice foi many yeais In addition, the difficulties 

12 Fothergill, L D Hemophilus Influenzae (Pfeiffer Bacillus) Meningitis 
and Its Specific Treatment, New England J Med 216 587-590 (April 8) 1937 

13 Cole, R Possibilities for Pneumonia Control as Indicated by Present 
Scientific Knowledge, Mil Surgeon 81 241-255 (Oct ) 1937 
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of typing pneumococci in sputum must be minimized by the establish- 
ment of reliable laboratories m convenient places , physicians must be 
taught when to use antipneumococcus serum, how to obtain it and how 
to use It These services can best be rendered by public health agencies 
In many states typing of pneumococci is peifoimed free, and serum is 
supplied free to those patients who cannot afford to buy it or to those 
who find it a hardship to pay for it 

Further report is made on the treatment of pneumococcic pneumonia 
with unconcentrated rabbit serum at the Hospital of the Rockefeller 
Institute Among 54 patients with pneumonia caused by 8 types of 
pneumococci, I, II, V, VI, VII, VIII, XIV and XVIII, only 2 deaths 
occurred, a mortality rate of 3 7 per cent One of the striking features 
noted was the rapid recover}'’ of most patients, the average mteival from 
the beginning of treatment with serum until the disappearance of signs 
of acute illness was only twenty-seven houis In 18 cases m which 
the full therapeutic dose was given m a single injection, the interval 
between the beginning of therapy and the crisis was about eight hours 
Good results were not obtained from the serum treatment of 13 patients 
with pneumonia due to type III pneumococci Six of these patients 
died 

An unexpected disadvantage m the use of type XIV antipneumo- 
coccus horse serum was discovered by Finland and Curnen Because 
serious and fatal reactions were noted to occur in patients treated with 
serum, attempts were made to find the reason It was discovered that 
each of the different samples of type XIV antipneumococcus serum 
tested agglutinated human erythrocytes of all four blood groups Other 
types of antipneumococcus horse serum were also tested, but only 2 
agglutinated erythrocytes in low dilution When type XIV antiserum 
was absorbed with type XIV pneumocococi, agglutinins for the pneumo- 
cocci and for the erythrocytes were removed, absorption with erythro- 
cytes removed agglutinins for erythrocytes but not for the pneumococci 
A number of antipneumococcus rabbit serums prepared with the same 
strains of type XIV pneumococci used in preparing horse seium were 
tested, but none agglutinated human erythrocytes in high titei 

Attempts were made to test the effect of high temperature m the 
treatment of infection due to type III pneumococci Previous experi- 

14 Horsfall, F L , Goodner, K, and MacLeod, C M Antipneumococcus 
Rabbit Serum as a Therapeutic Agent m Lobar Pneumonia, New York State J 
Med 38 245-255 (Feb 15) 1938 

15 Finland, M, and Curnen, E C Agglutinins for Human Erjthrocytes in 
Type XIV Antipneumococcus Horse Serums, Science 87 417-418 (May 6) 1938 

16 Shaffer, M F , Enders, J F, and Wilson, J The Effect of Artificial 
Fever and Specific Antiserum on the Organisms Present in Cases of T 3 pe III 
Pneumococcus Meningitis, J Clin Investigation 17 133-145 (March) 1938 
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ments with rabbits had led to the belief that they aie immune to infec- 
tion with certain stiams of type III pneumococci which fail to grow 
at a temperatuie ovei 105 F because the temperatures of rabbits after 
infection often exceeded this level Accordingly, the body temperature 
of 2 patients with meningitis due to type III pneumococci was raised 
artificially to 105 F or higher foi several hours After this treatment 
the numbei of pneumococci in the spinal fluid was markedly reduced, 
but in neither case was the fluid sterilized Two other patients were 
given injections of type III antipneumococcus rabbit serum intraspinally 
Temporary sterility was accomplished in both cases, but pneumococci 
later reappeared In 1 case, combined fever therapy and antipneumo- 
coccus serum failed to prevent death 

In expel imental studies of pneumococcic pneumonia in dogs, Rob- 
ertson made further important contributions m regard to the pioblem 
of immunity Dogs were actively and passively immunized by the 
injection of laige amounts of specific antipneumococcus horse serum 
and by vaccination with living and dead pneumococci Neither the 
passive nor the active immunity thus produced served to protect the 
dogs regularly against pneumonia when pneumococci were injected deep 
into the lungs according to the author’s method The resulting lesion 
in the lung was often less in extent, and the disease produced was of 
shorter duration, than that in immunized dogs The combination of 
active and passive immunization was better than one or the other alone, 
but the greatest protection was attained only when the infective dose 
of pneumococci and the specific immune serum were injected at the 
same time The experiments are not encouraging as far as the ultimate 
practical application of vaccine prophylaxis against pneumonia in man 
is concerned 

Studies are constantly under way to test the efficiency of different 
forms of treatment for pneumonia, notably by diathermy and roentgen 
irradiation In regard to diathermy. Coulter states that there is no 
evidence to show its effectiveness in treating patients with pneumonia 
except as a counterirritant to relieve pleuritic pain Another paper 
deals with loentgen therapy of lobar pneumonia The results described 
are unconvincing and cannot be accepted as showing the value of this 

17 Robertson, O H The Effect of Increased Antipneumococcal Immunity 
on the Inception of Experimental Lobar Pneumonia in the Dog, J Exper Med 
66 705-727 (Dec ) 1937 

18 Coulter, J S Medical Diathermy in Pneumonia, M Clin North America 
22 61-68 (Jan ) 1938 

19 Powell, E V Roentgen Therapy of Lobar Pneumonia, JAMA 
110 19-22 (Jan 1) 1938 
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form of treatment Whenever an author reports a mortality rate of 
from 2 5 to 4 per cent in a laige number of cases of pneumonia after 
the first day or two of treatment by an}^ method, two conclusions aie 
possible first, that a marvelous new remedy is at hand or, second, that 
the diagnoses are not in accord with those of most clinicians, since prac- 
tically all studies have shown that the mortality rate for patients with 
pneumonia untreated with specific immune serum varies between 30 
and 40 per cent Accurate experimental studies on the effect of roent- 
gen rays on pneumococcic infections are urgently needed 

A new form of vaccine against pneumococcic pneumonia prepared 
with fractions of the pneumococcus body is being tested on a large 
scale by Felton Thousands of persons have been vaccinated, and other 
thousands under similar environmental conditions are being observed 
as controls The studies made thus far are not sufficiently advanced 
to permit a statement of the effect obtained by vaccination in preventing 
pneumonia 

Lindqvist studied the vitamin A content of the serum of patients 
with pneumonia Carotenoid and vitamin A were low in amount during 
the disease, but during convalescence the amount inci eased rapidly 
without the addition of the vitamin to the diet During fever large 
quantities escaped in the urine One week after the crisis the vitamin 
content was three times as high as it was at the lowest point There is 
no evidence to show that the administration of vitamin A during pneu- 
monia has any effect on the disease 

Dick and Boor report the isolation of a toxin or toxin-like sub- 
stance produced by autolysis of pneumococci which seems to produce 
a weak antitoxin It is questionable if this substance is not the same 
as the purpura-pi oducmg substance obtained by autolysis of pneumo- 
cocci, as reported by many other investigators 

Because most deaths of children with nephrosis are caused by pneu- 
mococcic peritonitis, MacLeod and Farr^^ studied the relationship of 
types of pneumococci carried in the nasopharynx of children with 
nephrosis to determine whether the infection was exogenous (contracted 
from outside sources) or endogenous (arising from the invasion of 
bacteria carried in the nasopharynx) In each of 6 children studied, 
the same type of pneumococcus was recovered from the throat as from 

20 Lindqvist, T Untersuchungen uber das Vitamin A bei Pneumonic, Klin 
Wchnschr 16 1345-1347 (Sept 25) 1937 

21 Dick, G F, and Boor, A K Pneumococcus Toxin and Antitoxin, J 
Infect Dis 61 228-233 (Sept -Oct) 1937 

22 MacLeod, C M, and Farr, L E Relation of the Carrier State to 
Pneumococcal Peritonitis in Young Children with the Nephrotic Syndrome, Proc 
Soc Exper Biol & Med 37 556-557 (Dec ) 1937 
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the pus in the abdomen, suggesting that invasion occuiied with the 
types habitually piesent Types VI, X, XIX, XX and XXVIII weie 
found 

Pickrell,23 in following up pievious work of Stillman and others, 
tested the effect of alcohol in reducing the lesistance of rabbits to 
pneumococcic infection Alcoholic intoxication was found to destioy 
resistance to pneumococci even in animals rendered highly immune by 
vaccination The loss of lesistance was presumably due to inhibition 
of the vascular inflammatoiy i espouse as a lesult of intoxication Leu- 
kocytic immigration to the site of infection was negligible, and the 
bacteiia giew unhampered Ether anesthesia had a similar inhibitory 
effect on the inflammatoi}'^ i espouse 

Moon studied the origin and pathology of what is peihaps the 
most common foim of pneumonia name])^ that form called terminal 
pneumonia Congestion, stasis and edema, which, he behe\ es, constitute 
the essential pathologic featuies of shock, are the chief factois in the 
causation of this form of pneumonia 

The publication of White’s leview dealing with piactically all the 
published papers concerning the biology of the pneumococcus must be 
legarded as a notable achievement In this comprehensive and critical 
survey, 1,593 papeis are surveyed, and the subject is brought together 
m a clear, logical and unified treatise which for many yeais should 
be a source of stimulation foi those interested in infectious disease and 
pneumonia The pages fairly bristle with suggestions for attack on 
unsolved problems It is of inteiest to speculate on the amount of time 
which has thus far been devoted to reseaich on the pneumococcus If, 
for example, each of the papers listed represents an average of thiee 
months of work, one could hazard an estimate that about four bundled 
yeais has been spent on the investigation of this amazing cell 

STKEPTOCOCCI AND STREPTOCOCCIC INEECTIONS 

Bradley made a study concerning the epidemiology of infections 
due to hemolytic streptococci About 20 pei cent of a group of patients 
in one hospital were found to be carriers of hemolytic streptococci, 

23 Pickrell, K L Effect of AlcoJjoIic Intoxication and Ether Anestliesia on 
Resistance to Pneumococcal Infection, Proc Soc Exper Biol & Med 38 
265-267 (March) 1938 

23a Moon, V H Origin and Pathology of Common Terminal Pneumonia, 
Arch Path 26 132-143 (July) 1938 

24 White, B , Robinson, E S , and Barnes, L A The Biology of Pneu- 
mococcus, New York, Commonwealth Fund, Division of Publications, 1938 

25 Bradley, W H Epidemiology of Streptococcal Infections, Guv’s Hosp 
Rep 87 372-390 (July) 1937 
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most of which, according to Griffith’s classification, weie of the types 


potentially pathogenic 

for man 

The distribution of t 3 pes 

was as 

follows 

No of 


No of 


No of 

T^pe 

Cases 

Tj pe 

Cases 

Type 

Cases 

I 

3 

IX 

3 

XVIII 

4 

II 

2 

X 

1 

XXI 

7 

III 

1 

XI 

3 

XXII 

11 

IV 

16 

XIII 

9 

XXV 

1 

V 

7 

XV 

3 

XXVI 

1 

^'I 

1 

X\ I 

5 

XXVII 

1 

VII 

1 

XVII 

1 

XXVIII 

3 


Most of the patients examined were tiansient carriers, usually for 
only a fe\\ da 3 ’-s, but a number of them persistently carried the strepto- 
cocci In several examples of epidemics of hemolytic streptococcic infec- 
tions in families, a single type was involved and was sometimes found 
in all exposed persons Overcrowding and uncleanhness favored the 
appearance of man}'- carriers in a group The author regaids acute 
tonsillitis due to hemol 3 ^tic streptococci as a dangeious infection which 
equals diphtheria in epidemiologic significance It is perhaps not gen- 
erall 3 ^ realized that bacteria in the dry state may float about in the an 
much as does tobacco smoke (Wells) 

Shaw-° also studied the t 3 ^pes of hemolytic streptococci found in 
patients Streptococci of Lancefield’s group A were present in 90 per 
cent of infections m human beings , in 1 case, a streptococcus of group 
C was present and in another a streptococcus of group G Type II 
and t 3 fpe XXV streptococci were most frequently found in cases of 
puerperal infection, t 3 'pes IV, VI, VIII and XXII were also often 
present Among 29 strains of streptococci found in the nasophar 3 nges 
of normal persons, 9 were of group A, 1 was of group B and 1 was 
of group C Eighteen of the strains failed to form soluble hemol 3 ^sin 
and could not be classified 

Smith and Sherman studied 109 cultures of hemotytic streptococci 
isolated from 45 samples of human feces Stieptococci of Lancefield’s 
group A were not encountered The streptococci most commonly found 
were those of group D and a related “enterococcus,” Streptococcus 
durans Members of groups B, C, F and G were also found 

Long and Bliss studied the incidence of minute beta hemol 3 hic 
streptococci and ordinary beta hemol 3 d;ic streptococci in the flora of 
the throats of healthy and of diseased persons The incidences of the 
two varieties in healthy persons were about the same (12 per cent), 

26 Shaw, C Serological Group and Typing of Hemolytic Streptococci, 
Lancet 2 1193-1194 (Nov 20) 1937 

27 Smith, F R , and Sherman, J M The Hemolytic Streptococci of Human 
Feces, J Infect Dis 62 186-189 (March-April) 1938 

28 Long, P H , and Bliss, E A Studies upon Minute Hemolytic Streptococci, 
J Infect Dis 62 52-57 (Jan -Feb ) 1938 
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but when cultures were made repeatedly, the incidence of the ordinary 
type increased consideiably more than that for the minute forms In 
persons with rhinitis or infections of the upper respiratory tract the 
incidence of both forms of streptococci was lower than usual Children 
whose tonsils had not been removed “showed a definitely higher subject 
incidence for both groups” of streptococci The minute beta hemolytic 
streptococcus was seldom found in patients with chronic disease, scarlet 
fever or streptococcic tonsillitis Minute forms, however, were present 
in 55 per cent of the patients with rheumatic fever or its sequelae and in 
96 per cent of 48 patients with diffuse glomeiular nephritis 

In expel imental studies,^® hemolytic streptococci weie injected into 
the paranasal sinuses of cats and rabbits and were traced to then depo- 
sition in the lungs The fact that streptococci were found in the lungs, 
liver and spleen indicates that the anatomic pathway from the sinuses 
must be through the paralaryngeal and paratracheal lymph nodes and 
lymph vessels to the great veins which empty into the right auricle and 
that from there the organisms are carried by the blood to the lungs 
and elsewhere The passage of infection from the sinuses by way of 
direct lymphatic connection to the lungs is rather unlikely, since the 
lymphatic chains are frequently interrupted by lymph nodes 

Dawson and his associates report the existence of a scheme of 
bacterial variation among hemolytic streptococci which closely resembles 
the well known M, S and R forms of pneumococci and other bacteria 
The capsular polysaccharide substance of the mucoid (M) forms of 
group A streptococci, unlike that of the pneumococcus, is not type 
specific 

After an uncritical and poorly controlled study Rosenow and Heil- 
man report favorable results in the pi evention and ti eatment of colds 
and influenza by the use of vaccines made from a mixture of 400 strains 
of streptococci No attempt was made to differentiate the cold from 
influenza, and no mention is made of the recent studies on the viruses 
of eithei disease or of the fact that numerous bacteria othei than strep- 
tococci may secondarily invade persons ill with colds or influenza In 
spite of a statement to the contrary, there is no evidence that vaccines 
of any kind favorably influence in a specific manner subsequent infec- 
tions with streptococci The use of vaccines in the specific treatment 
of any infection is illogical One is amazed at the persistence of some 

29 Larsell, O , Veazie, L, and Fenton, R A Streptococcus Infection of the 
Lung from the Paranasal Sinuses, Arch Otolaryng 27 143-150 (Feb ) 1938 

30 Dawson, M H , Hobby, G L, and Olmstead, M Variation in the 
Hemolytic Streptococci, J Infect Dis 62 138-168 (March-April) 1938^ 

31 Rosenow, E C , and Heilman, F R Streptococcal Vaccines in the Pre- 
vention and Treatment of Respiratory Infections, Am J Clin Path 8 17-27 
(Jan) 1938 
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investigators who continue to publish work so consistently at odds with 
the bulk of evidence, with little or no reference to work which fails to 
corroborate their results If such publications did not confuse and 
obstruct scientific thought, they might be regarded as stimulating or 
at least provocative, but unfortunately they are for the most part simply 
misleading There seems to be no end to the number of diverse diseases 
which Rosenow believes to be caused by streptococci, as indicated in 


the following list 



Influenza 

Epidemic hiccup 

Ocular diseases 

Colds 

Erjthema nodosum 

Prostatitis 

Poliomyelitis 

Renal stones 

M> ositis 

Encephalitis 

Chorea 

Mj asthenia gravis 

Multiple sclerosis 

Arthritis 


Herpes zoster 

Rheumatic fever 


Neuritis 

Epidemic gastroenteritis 


Torticollis 

Appendicitis 



Schottmuller, discussing a paper lead by Rosenow at the German 
Congress of Medicine at Wiesbaden, said that Rosenow’s theory of 
elective localization not only must be disiegarded but must be combated 
Similar views were expressed by Pette 

SULFANILAMIDE 

It IS not within the province of this review to list all the papers 
published during the past year on the subject of sulfanilamide A gieat 
many papers are reports on single patients treated with the drug, and 
many studies are not scientifically controlled General reviews may be 
found in the papers of Long and Bliss and others 

Mode of Action — In Bliss and Long’s experiments, sulfanilamide 
apparently did not kill bacteria directly but seemed to inhibit the growth 
of hemolytic streptococci and Qostridium welchii both m vitro and in 
VIVO Temporary inhibition of growth or bacteriostasis seemed to per- 
mit the natural forces of the body to cope with the infection successfully 
and led to recovery The authois tried to show the importance of the 
phagocytic action of the polymorphonuclear leukocytes as one of the 
natural forces They injected benzene into mice, according to Rich’s 
technic, to destroy the leukocytes before infecting the mice with strepto- 
cocci and treating them with sulfanilamide Because the mice rendered 
gianulocytopenic died and controls recovered, the authors assume that 
polymorphonuclear leukocytes are required m the process of recovery 
While this may be true, the experiments are open to criticism, since 

32 Long, P H , and Bliss, E A The Clinical Use of Sulfanilamide and 
Its Derivatives in the Treatment of Infectious Disease, Ann Int Med 11 575-592 
(Oct) 1937 

33 Bliss, E A , and Long, P H Observations on the Mode of Action of 
Sulfanilamide, J A M A 109 1524-1527 (Nov 6) 1937 
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poisoning a mouse with benzene causes other changes in addition to 
reducing the number of circulating leukocytes 

According to Gay and Clark/* the serum of labbits treated with 
sulfanilamide inhibited the growth of streptococci m vitro Neter 
reports similar bacteriostatic effects of the drug on the meningococci 
present in the spinal fluid of patients with meningitis 

Fmkelstem and Birkeland conclude that the piesence of serum is 
necessary for the drug to be effective m causing phagocytosis in vitio, 
the serum-sulfanilamide complex acts, therefore, as an opsonin There 
seems to be no leason to confuse the matter by introducing the word 
opsonin Obviously, when any drug is used to inhibit growth of bac- 
teria, some of the bacteria will die and be taken in by phagocytes 

Osgood and Brownlee could not demonstrate any direct effect of 
sulfanilamide on phagocytosis The drug apparently decreases the rate 
of division of streptococci, and its major effect seemed to the authors 
to be the neutralization of toxins Their conclusion is not substantiated 
by evidence Huntington was unable to show that sulfanilamide had 
any effect on fibrinolysis or on the foimation of toxin in vivo It also 
failed to inactivate small amounts of toxin 

SU eptococctc Infections — Sulfanilamide exerts its beneficial effect 
on infections caused by hemolytic streptococci and not on those caused 
by Streptococcus vindans Spink at a recent meeting reported long 
remissions in several cases of subacute bacterial endocarditis aftei treat- 
ment with sulfanilamide Mellon and Cooper call attention to cer- 
tain strains of group A hemolytic streptococci which may at times cause 
green pigmentation on blood agai plates and may be mistaken for Str 
vindans The strains they studied grew in colonies surrounded by a 
broad gi ass-green zone when plated on blood agar plates at a pn of 
6, but when the same strain of streptococci was plated on blood agar at 
p-a 8, the hemolytic activity became dominant, and the colonies weie sur- 
rounded by zones of hemolysis The production of hemolysis or of 

34 Gay, F P , and Clark, A R Mode of Action of Sulfanilamide in 
Experimental Streptococcic Empyema, J Exper Afed 66 535-548 (Nov ) 1937 

35 Neter, E Bacteriostatic Action of Sulfanilamide upon Alemngococcus 
in Spinal Fluid, Proc Soc Exper Biol & Afed 38 37-40 (Feb ) 1938 

36 Fmkelstem, R , and Birkeland, J AI The Alode of Action of Sulfanil- 
amide and Prontosil, Science 87 441-442 (May 7) 1938 

37 Osgood, E E Culture of Human Marrow Studies on the Afode of 
Action of Sulfanilamide, JAMA 110 349-356 (Jan 29) 1938 

38 Huntington, R N Failure of Sulfanilamide to Prevent Hemolysis, 
Fibrinolysis and Production of Er 3 dhrogenic Toxin by Hemolytic Streptococci 
in Vitro, Proc Soc Exper Biol & Med 38 328-331 (April) 1938 

39 Mellon, R R, and Cooper, F B The Bi-Phasic Nature of Certain 
Alpha-Prime (^) Hemolytic Streptococci, Proc Soc Exper Biol & Afed 38 
158-160 (Feb) 1938 
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gieen coloration of blood agar by certain strains of hemolytic strepto- 
cocci theiefore depends on the enviionment m which the bacteria grow 
If these streptococci obtained fiom patients successfully tieated with 
sulfanilamide happen to be plated on mediums favoring the develop- 
ment of the gieen phase, one is likely to be misled into ascribing a 
curative effect of the drug for infection due to Str viridans 

One also must not be misled by overenthusiastic and careless state- 
ments prepared for geneial readeis concerning the value of various 
therapeutic measures, especially when the)'^ are punted in journals other- 
wise noted for then accuracy In one such article streptococcic 
meningitis untreated with sulfanilamide was said to be invariably fatal 
This IS not true, for several reports of recovery of patients not tieated 
with the drug have appealed within the past year 

A number of observers have obtained some degree of success in 
treating erysipelas with sulfanilamide, but here again, one must be cau- 
tious in accepting such reports as final when one recalls the exceptionally 
good results claimed for the treatment of this disease with immune 
serum, with roentgen rays and with ultiaviolet radiation Colebrook,'*- 
in one of his later papers, continues to write of satisfactory results in 
ti eating puerperal sepsis caused by hemolytic streptococci with sulfan- 
ilamide but claims that the resolution of the process seems to be less 
spectacular than it appeared to be in the earliest days of enthusiasm 

It was disappointing to read of the apparent ineffectiveness of 
sulfanilamide in the treatment of scarlet fever in Hogarth’s paper 
The failure may raise some question of the actual etiologic role of 
hemolytic streptococci in scarlet fever, which numerous investigators 
have persistently doubted, oi perhaps sulfanilamide has no effect on the 
toxins of hemol3'’tic stieptococci which ma}^ be operating from a focus 
safe fiom the effects of the drug 

Acute Rheumatic Fever — Rheumatic fever is another disease often 
believed to be associated with hemolytic stieptococci in which sulfan- 
ilamide has no beneficial effects In careful studies Swift, Moen and 
Hiist^‘‘ were unable to shed much new light on the subject except 

40 Stafford, J Prontosil, Science (supp ) 85 9-10 (June 18) 1937 

41 Snodgrass, W R , and Anderson, T Prontosil in Treatment of 
Erysipelas Controlled Series of Three Hundred and Twelve Cases, Brit M J 
2 101-104 (July 17) 1937 Breen, G E, and Taylor, I Erysipelas Treated 
with Prontosil, Lancet 1 1334-1335 (June 5) 1937 

42 Colebrook, L , and Purdie, A W Treatment of One Hundred and Six 
Cases of Puerperal Fever by Sulphanilamide (Streptocide), Lancet 2 1291-1293 
(Dec 4) 1937 

43 Hogarth, J C Para-Benzylaminobenzenesulphonamide in the Treatment 
of Scarlet Fever, Brit M J 2 1160-1162 (Dec 11) 1937 

44 Swift, H F Moen J K , and Hirst, G K The Action of Sulfanil- 
amide in Rheumatic Fever, JAMA 110 426-434 (Feb 5) 1938 
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to discuss the possible effects of the drug on streptococci which may be 
harbored in the tonsils or elsewhere to serve as hypothetic foci of 
infection The administiation of sulfanilamide apparently has no effect 
on hemolytic streptococci located in the tonsils oi in the lochia of women 
who recover from puerperal infection Massed and Jones also report 
that they have found sulfanilamide to be ineffctive in influencing the 
course of rheumatic fever Sulfanilamide was without effect m con- 
trolling experimental infection with staphylococci At the meeting of 
the Association of American Physicians held in May 1938 Bauei 
reported no success in the treatment of iheumatoid arthritis with sulf- 
anilamide 

Pnemnococcic Infections — Infection experimentally induced in ani- 
mals with pneumococci of types I/® II, III and XIV were effec- 
tively controlled by the administration of sulfanilamide In many of 
these experiments the amount of the drug that had to be given to obtain 
a satisfactory cure was far in excess of the amount tolerated by human 
beings in proportion to body weight 

Gonococcic Infections — Most repoits conceining the treatment of 
gonorrhea with sulfanilamide have been favorable, yet the studies have 
often been uncontrolled, and in many cases the patients treated were 
not observed long enough after the supposed cure It is still too early 
to judge the value of the drug for this infection The tone of one paper, 
that of Johnson and Pepper,^® is pessimistic More than half the 
patients treated were not sufficiently benefited so that curative power 
could be ascribed to the drug The authors do not lecommend therapy 
with sulfanilamide as a type of treatment to be employed for ambulatory 
patients 


44a Massell, B F, and Jones, T D Effect of Sulfanilamide on Rheumatic 
Fever and Chorea, New England J Med 218 876-877 (May 26) 1938 

45 Mellon, R R , Shinn, L E , and McBroom, J Therapy of Experimental 
Staphylococcus Infections with Sulfonamide Compounds, Proc Soc Exper Biol 
& Med 37 563-565 (Dec ) 1937 

46 Kreidler, W A Treatment of Pneumococcal Infections in Rabbits with 
Sulfanilamide, Proc Soc Exper Biol & Med 37 146-149 (Oct ) 1937 

47 Cooper, F B , and Gross, P Para-Aminobenzenesulfonamide Therapy 
in Experimental Type III Pneumococcal Pneumonia, Proc Soc Exper Biol & 
Med 36 678-681 (June) 1937, Sulfanilanude, Antipneumococcus Serum and 
Vitamin C Therapy in Type II Pneumococcal Pneumonia of Rats, ibid 36 774- 
776 (June) 1937 

48 Schmidt, L H Use of Sulfanilamide m the Treatment of Tj'pe XIV 
Pneumococcus Infections in Mice, Proc Soc Exper Biol & Med 37 205-206 
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49 Johnson, H S , and Pepper, S D The Evaluation and Danger of the 
Treatment of Gonorrhea with Derivatives of the Sulfonamide-Azo Dyes, Week 
Roster 33 465 (Dec 11) 1937 
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Othei Infections — Both experimental and clinical studies indicate 
a favorable effect of sulfanilamide on infections caused by the meningo- 
coccus A combination of immune serum and drug therapy seems most 
effective Two English physicians report success in the treatment 
of undulant fever with sulfanilamide In the 4 patients treated recovery 
occurred after the drug had been given The effects are not wholly 
convincing More striking results are reported by Stern and Blake 

Rich and Folks found sulfanilamide to have striking effects in 
inhibiting the development of tuberculosis in guinea pigs experimentally 
infected with tubercle bacilli When the animals were given small doses 
(100 mg per day) the effects were not good, but when doses of 500 
mg were given daily the tuberculous process was well controlled Under 
somewhat different experimental conditions Smithburn was unable 
to detect any influence of sulfanilamide m guinea pigs inoculated with 
tubercle bacilli 

Both sulfanilamide and mandelic acid appeal to be of value in the 
treatment of infections of the urinary tract, especially if colon bacilli 
or hemolytic streptococci are operative®^ Sulfanilamide exeits its best 
effects when the urine is acid, preferably at a of 5 5 or less The 
drug has no value if infection is caused by group D hemolytic strepto- 
cocci 

50 Branham, S E , and Rosenthal, S M Studies in Chemotherapy V 
Sulfanilamide, Serum and Combined Drug and Serum Therapy m Experimental 
Meningococcic and Pneumococcic Infections in Mice, Pub Health Rep 52 685- 
695 (May 28) 1937 

51 Richardson, L A Infection with Brucella Abortus Treated with Prontosil, 
Lancet 1 495-496 (Feb 26) 1938 Francis, A E Sulfanilamide in the Treat- 
ment of Undulant Fever, ibid 1 496-497 (Feb 26) 1938 

52 Stern, R L , and Blake, K W Undulant Fever Its Treatment with 
Sulfanilamide, JAMA 110 1550-1551 (Alay 7) 1938 

53 Rich, A R, and Folhs, R H Inhibiting Effect of Sulfanilamide on the 
Development of Experimental Tuberculosis in the Guinea Pig, Bull Johns Hopkins 
Hosp 62 77-84 (Jan ) 1938 

53a Smithburn, K C Inefficacy of Prontylin in Experimental Tuberculosis, 
Proc Soc Exper Biol & Med 38 574-575 (May) 1938 

54 Kenny, M , Johnston, F D , and Von Haebler, T /^-Aminobenzenesulfon- 
amide m Treatment of Bacterium Coli Infections of the Urinary Tract, Lancet 
2 119-125 (July 17) 1937 Walther, H W E Urinary Antisepsis, JAMA 
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Therapy in Urinary Tract Infections Due to Group D (Lancefield) Beta Hemolytic 
Streptococci, New England J Med 217 18-21 (July 1) 1937 
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Several studies suggest the effectiveness of sulfanilamide in the 
treatment of malaria, but Hill and Goodwin,^® -who tiied it on 100 
patients and obtained good results, do not lecommend its use, because 
of its toxic effects The drug had no therapeutic value in the treatment 
of mice inoculated with Bacillus pertussis but was apparently effective 
m the tieatment of “sniffles” of rats kept in laboratoiy colonies A 
few patients with bubonic plague recoveied after receiving prontosil, a 
■derivative of sulfanilamide (the disodium salt of 4-sulfamidophenyI-2'- 
azo-7'-acetylammo-l'-hydroxynaphthalene-3',6'-disulfonic acid) 

Investigators at the National Institute of Health found piontosil 
to have a piotective action m mice against infection with the viius of 
lymphocytic choiiomenmgitis when laige doses were given shortly after 
inoculation with small amounts of viiiis The drug oi its i elated com- 
pounds had no effect on infections caused by the vnuses of St Louis 
encephalitis oi influenza Others have obtained more promising 
lesults 111 the treatment of experimental influenza Dochez and Slanetz 
obtamed results which indicated the effectiveness of sodium sulfanilyl- 
sulfanilate (NH, C^H^ SO, NH CoH, SOgNa) when given to ferrets 
inoculated with the virus of canine distemper The drug pi evented the 
disease promptly when administered shortly after the development of 
symptoms and fevei Secondary bacterial infection seemed at times to 
hamper the favorable action of the drug Marcus and Necheles report 
good results m treating spontaneous infection of distemper in dogs with 

55 van der Widen, Y Prontosil in Quartan Malaria, Nederl tijdsdir v 
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Action of Certain Sulfanilamide Derivatives in Experimental Influenza Infections, 
JAMA 110 2099-2100 (June 18) 1938 

62 Dochez, A R , and Slanetz, C A The Treatment of Canine Distemper 
Tvith a Chemotherapeutic Agent, Sodium Sulfamlyl Sulfanilate, Science 87 142-144 
(Feb 11) 1938 

63 Marcus, P M , and Necheles, H Treatment of Spontaneous Canine 
Distemper with Sulfanilamide, Proc Soc Exper Biol & Med 38 385-387 
(April) 1938 



REIMANN—INFECTIO US DISEASES 


323 


the drug, but the experience of Dickerson and Whitney was disappoint- 
ing in this regal d No evidence was found for the eftectiveness of the 
diug in the disease 

The foregoing brief review clearly indicates that sulfanilamide and its 
related compounds are remarkable chemothei apeutic agents with unlim- 
ited possibilities for future development But it is unwise perhaps to 
expect too much One has but to recall the enthusiasm with which 
aisphenamine was received as a possible cure for all infections, yet in 
spite of 3'^ears of effort, no modifications of it have been found to 
influence the course of any infection aside from a few which aie caused 
by spirochetes It is far too eaity to estimate the actual value of 
sulfanilamide in man}'' of the infections mentioned In most lepoits 
of experimental studies attention has been diiected to the necessity 
of using large amounts of the diug and small doses of infective 
agent Many more cases will ha^e to be carefully studied togethei 
with contiols before it will be wise to use the drug in general 
piactice except for the few infections against which it is known to 
be of value Despite the warnings which have been repeatedly given, 
the indisci iminate use of the drug for an}'- febrile disease is deplor- 
able The toxic effects of the drug will not be considered here 
Suffice it to say that cyanosis, jaundice, agranulocytosis, anemia, optic 
neuritis, cutaneous eruptions, fever and other unpleasant and dangerous 
side effects have been leported, many of them m the Sept 25 , 1937 , issue 
of The Journal of the Ameucan Medical Association 

Many investigators are at present attempting to discovei new com- 
pounds which have a greater toxic effect on the infecting agents and 
are less toxic for the host Bauer and Rosenthal report that disulfan- 
ilamide (paiaaminobenzenesulfonylsulfonamide, NHg C(;H4 SOoNH 
C0H4 SO2NH2) administered orally had a therapeutic index of 5 , while 
that of sulfanilamide was only 3 3 Another compound, studied by 
Buttle, diaminodiphenylsulfone (NH2 C6H4 SO, CcH4 NH2), was 
thirty times as active against streptococci as sulfanilamide but was also 
highly toxic for the host Fourneau used an acetyl derivative of diami- 
nodiphenylsulfone (CH, CO HN CcH4 SO, C6H4 NH COCHJ , and 
Bauer used a water-soluble formaldehyde sulfoxylate derivatne 
(NaSO, CH2 HN C0H4 SO, C0H4 NH CH, SO,Na) All three of these 
sulfones aie claimed to be superior to sulfanilamide for tieatment 
of pneumococcic infections in mice, but, as Bauer and Rosenthal con- 
clude, “in mice the action is still considerably less marked than against 

64 Dickerson, V C , and Whitney, L F Sulfanilamide and Prontosil in 
the Treatment of Canine Distemper, Proc Soc Exper Biol & Med 38 263-264 
(March) 1938 

65 Bauer, H , and Rosenthal, S M Studies in Chemotherap}’- VII Some 
New Sulphur Compounds Actne Against Bacterial Infections, Pub Health Rep 
53 40-49 (Jan 14) 1938 
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streptococci, and, while inaiked prolongation of life can be achieved, 
few animals permanently survive pneumococcal infections as a result 
of therajiy ” Other workers have found 4,4'-diacetylaminodiphenyl- 
sulfone to be more effective than sulfanilamide in hemolytic streptococcic 
infection of mice It is also less toxic for mice 

ACUTE RHEUMATIC I'EVER AND RHEUMATOID ARTHRITIS 

British investigators present further evidence to establish an etio- 
logic relation between certain “elementary bodies” and acute rheumatic 
fever The elementary bodies are found in the serous effusions in acute 
rheumatic fever and in other diseases as well, but the ones found in 
rheumatism are more uniform in size and more abundant They are 
specifically agglutinated by serum from other patients with rheumatic 
fevei There is also some cross agglutination with serum from patients 
with rheumatoid (infectious) arthritis and chorea This, the authors 
believe, suppoits the view that an etiologic relation between rheumatic 
fever, chorea and rheumatoid arthritis exists, as suggested by others 

Any one interested in the treatment of acute infections, particularly 
of acute rheumatic fever, will profit by reading a paper by Wilson 
on the natural history of the disease Much unwarranted enthusiasm 
aiising fiom the supposedly curative effects of various remedies applied 
m tieatment could be avoided if one realized how easy it is to be misled 
by the natural remissions of any disease According to Wilson, the 
natuial course of rheumatic fever as observed is apparently uninfluenced 
by any form of tieatment Jordan’s*® observations confirm these views 
as far as vaccine treatment foi rheumatism is concerned Vaccine 
therapy for iheumatic fever and rheumatoid aithritis, he believes, and 
I do also, rests on empiricism, no evidence exists to justify its use as 
being of specific value Vaccines may be tried as an expeiiinental 
procedure in selected cases if the patients aie kept under close observa- 
tion, but they should not be used routinelj'- 

In anothei study W ilson and Schweitzer endeavored to show the 
existence of a hereditary factoi in the susceptibility to iheumatic fever 

66 Cooper, F B , Gross, P , and Lewis, AI Sulfone and Sulfanilamide 
Therapy in Streptococcal Infections, Proc Soc Exper Biol & Med 38 375-377 
(April) 1938 

67 Eagles, G H , Evans, P R , Fisher, A G T , and Keith, J D Vhrus 
Etiologj' of Rheumatic Disease, Lancet 2 421-428 (Aug 21) 1937 

68 Wilson, M G The Natural History of Rheumatic Fever in the First 
Three Decades, J Pediat 10 456-465 (April) 1937 

69 Jordan, E P Critical Evaluation of Vaccine Xherapj in Rheumatism, 
JAMA 109 1444-1445 (Oct 30) 1937 

70 Wilson, AI G , and Schweitzer, Af D Rheumatic Fever as a Familial 
Disease Environment, Communicability and Heredity in Their Relation to 
Observed Familial Incidence of Disease, J Clin Investigation 16 551-570 (Julj ) 
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There appeals to be a familial tendenc)'' foi the disease to de\elop, but 
other factois, such as enviionment and exposure, no doubt are also 
essential for infection to take place The authors conclude that sus- 
ceptibility to rheumatic fever is transmitted as a single autosomal 
recessive gene They observed that the resulting rheumatic activit}'- 
had no direct relation to the type and the source of exposure Rheumatic 
fevei followed either active or inactive exposure Intimate contact 
wnth a source of infection in a patient wnth active rheumatic fever, called 
familial exposure, was of no greater significance than casual contact 
or extrafamihal exposure m inciting the disease 

In a dietary study of rheumatic fever, children wnth the disease 
w^ere given a special diet of high caloric value and were compared wnth 
other children with rheumatic fever who received ordinary hospital food 
There was a significant gam of w^eight m those wdio paitook of the 
special diet, but no other beneficial effects were noted Since gain in 
w^eight and good nutrition are usuallj desired m iheumatic fever, the 
special diet is recommended 

Bland and Jones"- studied 306 fatal cases which occurred among 
1,500 persons under the age of 21 with iheumatic fever Rheumatic 
fever was the chief cause of death in 250 cases (82 per cent) The 
clinical manifestations in fatal cases of the disease differed somewhat 
from the typical picture, arthritis, for example, was not present in any 
case in the course of the tei minal illness , abdominal and precordial pain 
were more troublesome Chorea w^as rarely seen in these cases, sub- 
cutaneous nodules were present in 60 per cent but carditis w^as present 
in every case Pericarditis was noted in about 35 per cent clinically 
and in 80 per cent post mortem Evidence of pulmonary and hepatic 
involvement w^as common 

In further studies on the subject Gouley points out the frequency 
with which pneumonitis occurs in patients with iheumatic fever, par- 
ticularly wuth severe infection The pulmonary inflammation m the 
earliest stages is not caused by secondary invading bacteria but is an 
integral part of the disease The clinical manifestations are often over- 
shadowed by other symptoms or overlooked if examination of the lungs 
IS omitted There is often marked disproportion between the mild 
symptoms referable to a pneumonic infiltration and the extent of the 

71 Sadow, S E , Hubbard, J P , and Jones, T D A Dietar} Study in 
Rheumatic Fever, New England J Med 217 170-174 (July 29) 1937 

72 Bland, E F, and Jones, T D Fatal Rheumatic Fe\er, Arch Int I\Ied 
61 161-171 (Feb) 1938 

73 Gouley, B A The Acute and Subacute Pulmonar 3 ’- Involvement in 
Rheumatic Fever with Notes on the Complication of Basal Pulmonari Collapse, 
Ann Int Med 11 626-636 (Oct) 1937 
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lesion as shown by a roentgenogram Respiratory distress is usually 
slight unless the consolidation is massive The acute lesion may result 
in inflammatory collapse and subsequent fibrosis The problem was also 
studied by Melnick 

Only a few of the papers dealing with rheumatic diseases are men- 
tioned heie For a comprehensive review of the subject the reader i'^ 
referred to the “Fourth Rheumatism Review” of Hench and his asso- 
ciates This review of publications concerning one group of diseases 
alone, rheumatism, extracts information from over six hundred papers 
and books published in the English language in a single jear md 
occupies 156 pages 

FOCAL INFECTION 

Ash’s recent paper adds more data to the accumulating evidence 
with which the overenthusiasm in the concept of focal infection can be 
combated She refers to Kaiser’s valuable studies, which have done 
so much to check the indisciiminate lemoval of tonsils, and feels that 
even his conclusions are somewhat too optimistic in regard to the bene- 
ficial effects of tonsillectomy in rheumatic fever Ash feels that it is 
debatable whether tonsils serve as the portal of entry or a focus of 
infection for the etiologic agent of rheumatic fever Rheumatic fever 
occurs in persons whose tonsils have been removed and also in those 
in whom acute or chronic infection of the tonsils is absent In the 
series of cases reported Ash found that tonsillectomy had no influence 
on the incidence of recun ent attacks, there was also no significant 
difference between the death rate foi the children whose tonsils had 
been removed before the onset of the disease and that for the children 
whose tonsils were lemoved subsequently or had never been removed 
Rheumatic exacerbations followed in a high proportion of cases in which 
the tonsils were extirpated early in the course of the disease Similai 
findings had previously been reported by Wilson, Lingg and Croxford, 
Campbell and Warner, and Wallace and Smith These conclusions 
can be reconciled with Kaiser’s statistics, which showed that the mor- 
tality rate appeared to be much less for tonsillectomized children, by 
regrouping the statistics and analyzing them differently 

73a Melnick, P J Pulmonary Changes in Rheumatic Fever, Illinois M J 
73-336-339 (April) 1938 

74 Hench, P S , Bauer, W , Christ, D , Hall, F , Holbrook, W P , Key, J 
A , and Slocumb, C H The Present Status of Rheumatism and Arthritis 
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75 Ash, R Influence of Tonsillectomy on Rheumatic Infections, Am J Dis 
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No reconciliation is possible, however, vith the unwarranted con- 
clusions drawn by Turnley This author advises removal of tonsils 
in all cases of rheumatism, among which are included instances of 
“painful conditions of the muscles, fascia, bones, nerves and joints ” 
His listing of conditions which he says are indications for tonsillectomy 
IS more dangerous than ludicrous, for he mentions cheesy plugs in the 
tonsil, keratosis due to Leptothnx, conjunctivitis, optic neuritis, run- 
down conditions, harboring of diphtheria bacilli, cardionephritis, certain 
thyroid disorders and asthma Worst of all, tonsillectomy is recom- 
mended as a prophylactic measure against tuberculosis and Hodgkin’s 
disease In a previous publication this author made the preposterous 
suggestion that there would be a healthier and better race if children 
had their tonsils and adenoids removed befoie the age of 5 or 6 years 

To complicate an obscure problem still further, Gehlen regards 
polyarthritis as a spinal dystrophic articular disease resulting from 
the effects of a “toxin” elaborated in foci of infection How the author 
arrives at his conclusions is a mystery, for no proof oi bacteriologic 
studies of the existence of a toxin are presented Gutzeit states that 
diseased or infected teeth can be recognized by subjecting them to short 
wave irradiation with a specially adapted apparatus When healthy teeth 
are irradiated, an acceleration of the sedimentation rate of the erythro- 
cytes IS not caused, but if “diseased” teeth are so treated the “toxic” 
substances present enter the circulation and disturb the suspension 
stability of the blood He admits that the extraction of teeth giving 
a positive reaction did not always cause improvement in general symp- 
toms 

Such papers as those of Turnley, Gehlen and Gutzeit are cited 
merely as examples to warn clinicians to scrutinize thoroughly all evi- 
dence before applying dangerous methods of tieatment of any kind to 
their patients Editors of medical journals could prevent the dissemi- 
nation of much misinformation by demanding the inclusion of rigid 
control tests and by more liberal use of a blue pencil on unsupported 
expressions of opinion 

Cecil, once an advocate of the lemoA^al of foci of infection in the 
treatment of rheumatoid arthritis, has changed his mind on the subject 

76 Turnley, W H Tonsillectomy for Rheumatism A Stud}’' of 3,172 Cases, 
Ann Otol , Rhin & Larjmg 46 1050-1059 (Dec ) 1937 , The Results of 76,000 
Adenoid and Tonsil Operations, Lar}’ngoscope 47 1-6 (Jan ) 1937 

77 Gehlen, H Neuere Erkenntnisse auf dem Krankheitsgebiet der primar 
chromschen PoRarthritis und ihre Auswertung fur die Therapie, Verhandl d 
deutsch Gesellsch f inn Med 49 377-383, 1937 

78 Gutzeit, K Zur Frage der dentalen Infektion und ihrer Diagnosestellung 
durch Kurzwellenprovokation der Zahne, Munchen med Wchnschr 85 164-166 
(Feb 4) 1938 
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In an address before the Amei ican College of Physicians last spi ing, he 
and Angevine gave the lesults of then follow-up study of patients with 
arthritis who had had various supposed foci of infection removed In no 
instance was the couise of the disease aiiested, nor was the patient cured 
by tonsillectomy Almost no benefit Avas obtained from the extraction 
of teeth or operations on the sinuses They beheA’^e that the time has 
come for a reA’^aluation of the theoiy of focal infection 

A study made in thirty-one schools m England led a committee 
to conclude “Though realizing the A^alue of operations in carefully 
selected cases, Ave have giave doubts as to Avhether the majorit}'^ of 
tonsillectomies performed today aie the lesult of true discrimination 
rather than of routine iitual” Similar aucavs are expressed by GloA'^er 
and others In the United States tonsillectomy comprises one third 
of all suigical operations Tonsillectom) Avas performed on at least 
three times as many peisons AAdio AA'ere Avell-to-do as on poorer ones 
One can scaicely avoid the coiiAuction that something must be graA’^ely 
Avrong in this practice and that it is time to call attention to the need- 
lessness in most cases of lemoving the tonsils or teeth in the hope of 
preventing oi influencing systemic diseases I have attacked the concept 
of focal infections pertaining to teeth and tonsils in each of my three 
previous annual reAuews in the Archives 

COCCIC DISEASES 

Staphylococcic Infections — Accumulating CAidence is pioAuding a 
more optimistic outlook for the treatment of staphylococcic infections 
In reviews of the subject both Rigdon and Biggei Aviite favorably 
of the therapeutic effects of staphylococcus antitoxins According to 
Rigdon, vaccines haA’^e little therapeutic effect, but toxoid seems to be of 
value in certain cases of chionic infection Antitoxin likeAvise appears 
to be of A'^alue in the treatment of ceitain acute staphylococcic infections 
accompanied by toxemia Bigger strongly advises against surgical 
intervention during a staphylococcic infection except Avhen liquefaction 
has occurred Incision CA'^en then should neA’-er transgiess the protective 
zone He also favors the use of antitoxin and toxoid DoAvnie,®^ in 

78a Epidemics in Schools, Medical Research Council, Special Report Series, 
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experimental studies, was unable to increase the resistance of rabbits 
to staphylococcic infections of the skin by vaccinating them with 
staphylococcus vaccines 

Netei found that staphylococci fiom human souices ma)'' pioduce 
either fibrinolysm oi anticoagulant, or they may possess both or neithei 
of these properties Staphylococci pathogenic for man may pioduce 
either fibrinolysm or anticoagulant In patients infected with a staphylo- 
coccus able to cause fibrinol 3 ^sis, a specific antifibimotysm may develop 
The fibnnolysm, unlike the one of the hemolytic streptococcus, dissolves 
clots of both human and animal blood The anticoagulant likewise 
inhibits coagulation of human and of animal plasma It can be neutral- 
ized by normal seium, and it is not antigenic The plasma-clotting 
factor IS sometimes present m exudates It may be inhibited by the 
anticoagulant of staphylococci or of othei bacteria witliout being 
destroyed 

Gonoi 1 hea — Vonderlehr and Usilton made some important studies 
on the incidence of gonoi i hea At least "a million new cases occui in 
the United States annually, and nearly half a million persons with the 
disease are under tieatment, thus gonoi rhea seems to be more prevalent 
than any other seiious infectious disease The incidence of the infection 
IS greatest in small cities, and the mean age of peisons acquiring the 
infection is about 24 years There is no evidence that the incidence of 
gonoi rhea is declining Caipenter®^ made a compaiative study of 
vaiious methods for the diagnosis of gonorihea The culture method 
IS the most leliable The use of stained smears, although much simpler, 
may give rise to eiroi, since other gi am-negative cocci may be mistaken 
foi gonococci The complement fixation test as geneially peifoimed 
IS not satisfactoiy oi reliable Waiien and his associates®^ continue to 
report good results fiom fevei theiapy in gonorrheal infections At' 
the meeting of the Association of American Physicians in May, Bauer 
lepoited favoiable lesults m the tieatment of gonoi i heal arthiitis with 
sulfanilamide 

82 Neter, E Fibrinolytic, Anticoagulating and Plasma-Clotting Properties 
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The problem of latency of gonococcic infection was investigated by 
Spink and Keefer®® Pei sons may harbor gonococci in the body for 
years without symptoms to indicate their presence, yet when some 
unrelated circumstance, such as a cold or pregnancy occurs, the bacteria 
become active and cause disease Gonorrheal aithritis may develop in 
a person who gives no histoiy of previous urethritis 

Meningococctc Meningitis — In classifying the types of meningococci 
obtained from patients with memngococcic infection since 1930, Branham 
and Carlin found that among 409 strains, 86 pei cent were of group 
I-III and only 117 per cent of type II Among 42 strains isolated 
fiom healthy carriers, 57 per cent were of type II and 28 per cent of 
gioup I-III Most of the persons from whom group I-III meningococci 
were recovered were in immediate contact with patients suffering from 
infection caused by the same types of meningococci Type II meningo- 
cocci were apparently i datively unimpoitant as a cause of disease in 
the period when the study was made 

In another study Branham and her associates ®® succeeded in causing 
purulent meningitis in guinea pigs by the inti acisternal injection of 
living or heat-killed meningococci without the aid of mucin to enhance 
the virulence of the bacteria Filtrates of broth cultures containing 
hypothetic toxins also caused the production of purulent exudate 
Meningitis may theiefore be caused both by infection and by intoxication 
Antimeningococcus serum had no effect in protecting animals from 
meningitis 

A group of United States Army medical officers ®® took the oppor- 
tunity of testing the value of intradermal reactions to discover persons 
liable to memngococcic infection and to study the effect of prophylactic 
immunization among members of the Civilian Conservation Corps 
Fifty-three per cent of 7,339 subjects tested showed a 1 plus •or greater 
reaction to the intiadermal injection of meningococcus “toxin” or filtrate 
from broth cultuies of meningococci Those who reacted positively 
and were presumably susceptible to infection weie given several injec- 
tions of filtrate and were retested two months later At this time 80 
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per cent showed a negative or nearly negative reaction They report 
twenty outbreaks of meningitis in which it appeared that immunization 
with filtrates seemed to limit or preA ent the spread of infection 

BACILLARY DISEASES 

Tilhei culosis — Amberson points out the impoitance of lecogmzing 
the early lesion of pulmonary tuberculosis, which, m general, the mem- 
bers of the medical profession seem rather slow to comprehend Most 
often in early life the first effect of infection with tubercle bacilli is the 
development of a small patch of pneumonia usually m the upper poition 
of one lung The symptoms arising fiom the lesion are usually so 
mild as to be unrecognized oi to be regarded as the result of an unim- 
portant infection of the respiratory tract Abnormal physical signs are 
usually absent As a matter of fact, in most cases the pneumonic aiea 
IS discovered accidentally m periodic routine health examinations or 
when 1 oentgenograms of the chest are made after a tuberculin test is 
found to show a positive reaction The early lesion may heal com- 
pletely or may leaA'^e calcified remnants, but m unfavoiable cases the 
area may caseate, spread and lesult in caAutation The infection may 
remain dormant for man)^ years before spreading Similai views are 
expressed by Hethenngton Adyers does not approve of sending a 
patient with the first infection type of mild tuberculous pneumonia to a 
sanatorium The patient should, he believes, be tieated at home and 
should be kept in bed only until evidence of the lesion and the S3'’mptoms 
have disappeared 

Zavod ““ reviews several cases of hematogenous pulmonary tuber- 
culosis probably caused by dissemination of tubercle bacilli by way of 
the pulmonary artery, Avhich, m contradistinction to generalized miliaiy 
tubeiculosis, IS confined chiefly to the lungs The prognosis is favoiablc 
m most cases 

Opie and Freund tested the relative effects of the injection of 
BCG and heat-killed tubercle bacilli in producing immunity to infection 
Avith tubercle bacilli Heat-killed bacilli gave rise to immunity only 
slightly less m effectiveness than that produced by BCG The injection 
of BCG frequently caused suppuiation and abscess formation which 
healed spontaneous!}^ Cutaneous sensitivity to tuberculin disappeared 

90 Amberson, J B The Lasting Cure of Early Pulmonary Tuberculosis, 
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one or two yeais after injection of heat-killed bacilli Other observers 
injected BCG intradermally in children and produced cutaneous sensi- 
tivity in 80 per cent Subcutaneous injection caused cutaneous sen- 
sitivity in 60 per cent of the cases Sensitivity reached its maximum m 
SIX months and diminished rapidly, so that most children no longer 
gave positive reactions to tuberculin after two years 

Russian investigators °° infected rabbits with tubercle bacilli and 
subsequently inoculated them with pneumococci The tuberculous rabbits 
were able to cope with pneumococci inoculated intravenously or intra- 
peritoneally as well as healthy control rabbits, but m the foimer the 
reaction took a slow'd course, had a more exudative character and 
tended more to necrosis 

Aronson and Meranze studied the effect of syphilis on expeii- 
mentally produced tuberculous lesions m rabbits In syphilitic rabbits 
the local inflammatory reaction aftei the injection of tubercle bacilli 
into the skin w'as more prompt and intense than aftei similar injections 
m normal rabbits Histologically the lesions in the syphilitic animals 
lesembled the lesions characteristic of an initial syphilitic infection, 
suggesting that the cells of the rabbit aie so modified bj' the disease 
that the introduction of an uni elated bacteiium elicits an inflammatory 
reaction charactei istic of the initial syphilitic lesion Later, the appear- 
ance of epithelioid cells and caseation resembled the usual reaction to 
tubercle bacilli 

In a scholaily paper Long discusses the great vai lability of diseases 
caused by different varieties of mycobactei la, including tubeiculosis, 
leprosy, “skm-lesion” disease of cattle, Johne’s disease and rat “leprosy ” 
These diseases are geneially characterized by the presence of bacilli 
w'hich are regaided as acid fast because of the presence of certain related 
chemical substances The tissue responses to infection aie similai in 
these diseases, theie are extensive piohferation and accumulations of 
monocytes, which develop into “epithelioid” cells 

In a critical leview' Millei discusses a number of unsolved piob- 
lems relating to tuberculosis w Inch deserve thoughtful consideration 
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Undulant Fevei — An excellent description of the pathologic 
anatomy of undulant fever has been published in Germany Diei calls 
attention to hepatomegaly as a sequela of undulant fever Another 
investigator in Italy showed that flies can be experimentally infected 
with Brucella and may serve as carriers for over a week Deeiii^®^ 
recovered Brucella abortus from 9 of 15 horses with fistulous witheis 
or poll evil The blood of 82 per cent of 34 horses with the disease 
agglutinated Brucella Of 100 normal horses, 9 7 per cent gave positive 
reactions for Brucella in lov dilution 

In a clinical study Beatty points out the fi equency with v Inch 
pulmonary symptoms occur m undulant fever Many patients, par- 
ticularly those with the chionic type of infection, present themselves 
with symptoms of pulmonary inrolvement They may complain of 
burning sensations oi pain in the chest, malaise and cough without 
sputum or with mucoid, mucopurulent sputum Hemoptysis is occa- 
sionally noted The symptoms are likely to lead to an erroneous diagnosis 
of pulmonary tuberculosis Among 47 patients with undulant fever. 
31 had symptoms of involvement of the respirator }'■ tract, 18 had cough, 
18 raised sputum, 5 had hemoptysis and 26 complained of pain in the 
chest In several cases of acute involvement, small patches of dulness, 
with rales and bronchial breathing, were found Roentgenograms showed 
infiltration near the hilus and an increase in density in the peribronchial 
areas 

Hardy, Frant and KroIH°® point out how variable the incubation 
period of undulant fever is Infection with the more virulent melitensis 
variety is followed by a comparatively shoit period of incubation, while 
in natuially infected persons small doses of the abortus variety may 
result in a prolonged period Their study was made on 17 residents 
of New York who drank pasteurized milk during residence in the city 
but Avho were known to have drunk raw milk during a visit elsewhere 
The incubation period of the disease in these patients was found to 
vary from one week to four months, wnth the average time much more 

98 von Albertini, A , and Lieberherr, W Beitrage zur pathologischen Anatomie 
der Febris undulans Bang, Frankfurt Ztschr f Path 51 69-97, 1937 

99 Drei, G Considerazioni chniche sul reperto frequente di esatomegalia 
come postumo di febbre ondulante, Gior di clin med 18 1368-1377 (Oct 30) 
1937 

100 Negro, G Significato della mosca domestica nella diffusione della febbre 
ondulante, Gior di batteriol e iramunol 19 17-29 (July) 1937 

101 Deem, A W Brucella Abortus in Horses, J Infect Dis 61 21-25 
(July-Aug ) 1937 

102 Beattj, O A Manifestations of Undulant Fe\er in the Respiratory 
Tract, Am Rev Tuberc 36 283-289 (Aug) 1937 

103 Hard}, A V , Frant, S, and KioU, M ]\I The Incubation Period m 
Undulant Fever, Pub Health Rep 53 796-803 (Ala} 20) 1938 
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prolonged than that of Br mehtensis infection as noted in Malta and 
tested experimentally in Puerto Rico 

Tidal emta — Two papers have been published which reemphasize 
the frequency with which tularemia affects the lungs In several 
patients, pulmonary symptoms were predominant and ushered in the 
disease Thiee patients were sheepherders who weie bitten by ticks 
prior to the onset of the disease, but it is uncertain as to whether the 
bacilli were inoculated m this manner or otherwise All 4 patients recov- 
ered, 3 were treated symptomatically, and 1 was given antitularensis 
serum 

The fiequency with which pneumonia is found m cases of tulaiemia 
brings out furthei resemblances between this disease and plague 
Tularemia, like plague, occurs in three clinical forms bubonic, pneu- 
monic and septicemic or typhoid, the causative bacteiia are closely 
related, similar animal species serve as reservons of infection and both 
diseases may be conveyed to man by direct contact with infected flesh 
or blood, by inhalation and by insects A similar relation may pertain 
to the disease called pseudotuberculosis, as I pointed out several years 
ago 

Foshay claims that septicemia is the chief cause of death m cases 
of tulaiemia, the moitahty rate of patients with tularemic pneumonia 
is about 30 per cent It is true, of couise, that the mortality rate is 
highei m most diseases when the blood stream is invaded, but whether 
the septicemia per se is chiefly responsible is not so certain In persons 
severely ill with infection, bacteria, as a result, are able to survive m 
the blood stream Foshay continues to report good results following 
the use of his antitularensis serum in the treatment of tularemia, but the 
product was not accepted by the Council on Phaimacy and Chemistry 
of the American Medical Association for inclusion in New and Non- 
official Remedies, the publication of other corroborative data being 
awaited 

An excellent review of the pathology of tularemia has been published 
by Lillie and his associates 

104 Winter, M D , Farrand, B C, and Herman, H J Tularemia, 
Pulmonic Form Report of Four Recoveries, JAMA 109 258-262 (July 24) 
1937 Blackford, S D , and Archer, V W Roentgen Study of a Nonfatal 
Case of Bilateral Tularemic Pneumonia Treated with Specific Serum, ibid 109 
264-265 (July 24) 1937 

105 Reimann, H A , and Rose, W B The Similarity of Pseudotuberculosis 
and Tularemia, Arch Path 11 584-588 (April) 1931 

106 Foshay, L Cause of Death in Tularemia, Arch Int Med 60 22-38 

(July) 1937 

107 Lillie, R D , Francis, E , and Parker, R R The Pathology of Tularemia, 
National Institute of Health Bulletin 167, United States Treasury Department, 
Public Health Service, 1937, pp 1-217 
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Tularemia has only recently been identified in Germany Char- 
acteristically it was thought to be a “new” disease, never having been 
reported befoie Unnecessary alarm was immediately raised, and impor- 
tation of wild rabbits from Czechoslovakia and Austria w^as prohibited 
Tularemia was lecognized for the first time in Czechoslovakia and Aus- 
tria a yeai oi two ago, but, as has been demonstrated in other countries, 
the disease has perhaps been enzootic in rodents as long as rodents 
have existed in the region Cases in human beings in the past no doubt 
have been mistaken for cases of other diseases Ticks from rabbits in 
Alaska have been found to be infected with Pasteurella tularensis 

Three patients with obscure illness resembling tularemia were studied 
in England All 3 had hunted rabbits in Ireland, and at about the 
same time an epizootic of undetermined origin among cats was reported 
In 1 case operation was performed, and the liver was found to contain 
lesions like those observed in tularemia, yet agglutinins for Pasteurella 
tulaiensis weie absent Each patient had eosinophiha The authors 
suggest that diseases resembling tularemia and caused by closely related 
bacteria exist Their suggestion brings to mind the possibility of the 
occurrence of a disease in man caused by Pasteurella pseudotuberculosis, 
a bacterium occasionally found in diseases of animals Three French 
authois^^® report a case of pseudotuberculosis which resembled typhoid 
with icterus A rat infected with P pseudotuberculosis was trapped in 
Washington, D C The lesions produced by inoculating the bacilli 
into other animals resembled those of plague 

Plague — Studies by Eskey show that not all varieties of fleas 
are important in the transmission of plague Female fleas seemed to 
be more dangeious as tiansmitters than males In warmer localities 
where Xenopsylla cheopis is the only type of rat flea found, epizootics 
flare up and die out quickly, for the flea soon succumbs to infections 
The flea readily transmits plague to man In cold climates the Cera- 

108 Tularemia m Germany, Foreign Letters, JAMA 110 1502-1503 
(April 30) 1938 

108a Philip, C B , and Parker, R R Occurrence of Tularemia m the Rabbit 
Tick (Haemaphysalis Leporis-Palustris) in Alaska, Pub Health Rep 53 574-575 
(April 15) 1938 

109 Thomson, A P , Wilson, G H, and McDonald, S Three Cases of 
Unusual Illness with Eosinophiha, One with Lesions in the Liver Resembling 
Those of Tularemia, Lancet 2 9-11 (July 3) 1937 

110 Dujardin-Beaumetz, E , Ballet, B , and Cebron, J Pseudo-tuberculose 
chez riiomme, Presse med 46 43-44 (Jan 8) 1938 

110a Haas, V H A Stud 3 ’- of Pseudotuberculosis Rodentium Recovered 
from a Rat, Pub Health Rep 53 1033-1038 (June 24) 1938 

111 Eskey, C R Recent Development in Our Knowledge of Plague Trans- 
mission, Pub Health Rep 53 49-57 (Jan 14) 1938 
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tophyllus fasciatus variety is much less dangerous to man The 
unusually low incidence of plague in human beings transmitted from 
wild rodents in the western part of the United States (sylvatic plague) 
IS believed to be due to the fact that the fleas of these animals do not 
attack man Only 40 cases in human beings have been lecorded, and 
in many of these cases infection was probably acquired by direct contact 
with infected tissue or blood without the agency of fleas, and in others 
evidence shows that infection may have occuried from bites of domestic 
rat fleas (murine plague) The transmission of plague to man there- 
fore seems to depend largely on the species of flea involved Meyer 
111 California reports several cases of plague in human beings contracted 
in much the same way as is tularemia, that is, apparentl}'- directly from 
a sick cat and a labbit, fiom a dead chipmunk and by the bite of a 
squirrel All 4 patients lecovered 

Meyer and his associates report an inteiesting case of chionic 
1 elapsing latent meningeal plague in a bo}'^ of 10 in whom a bubonic 
form of plague developed in June 1934 The child recovered to some 
extent but became seveiely ill again m July with meningeal symptoms 
Improvement again occurred, until a fatal i elapse follow^ed in October 
Necropsy revealed meningitis caused by Pasteurella pestis Me}er 
reviews the hteratuie and finds numerous examples of plague meningitis 
and of cases in which plague bacilli weie recovered fiom patients man} 
months after their original illness He remarks that for tw^enty years 
many persons have studied the form of plague (sylvatic) wdnch occurs in 
California, yet none has contracted the disease It is apparently a 
different and less contagious foiin than muiine oi lat-borne plague 
Meyer’s study f ui ther emphasizes the clinical similarities between plague 
and tularemia 

Typhoid — Topley review's the facts pertaining to the effectiveness 
of antityphoid vaccination and points out several important featuies 
(a) Antityphoid vaccination, though it reduces the risk from occasional 
contact infection, may be much less effective wdien vaccinated persons 
are submitted to seveie or continuous infection (h) Endemic or epi- 
demic typhoid cannot be controlled by prophylactic vaccination alone 
(c) Typhoid when it occtiis in peisons pieviously vaccinated may be as 
severe as that in unprotected peisons, and the blood stieam is often 
invaded {d) Antityphoid vaccination properly conducted reduces the 

112 Meyer, K F The Sylvatic Plague Committee, Am J Pub Health 
27 777-785 (Aug ) 1937 

113 Meyer, K F , Connor, C L , Smvth, F S , and Eddie, B Chronic 
Relapsing Latent Meningeal Plague, Arch Int Med 59 967-980 (June) 1937 
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Control of Enteric Infection, Lancet 1 181-186 (Jan 22) 1938 
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morbidity rate in general from four to six times (^) There is an 
impression that persons nith latent t3phoid infection or during the 
incubation period of the disease should not be laccmated lest “provoca- 
tive typhoid” result Proi ocative t3'phoid is presumabty associated m ith 
a sudden onset a severe course and a mortaht3’’ rate much higher (44 
per cent) than that for the usual forms (No instructions are given 
how to determine whether or not a person is about to become ill with 
typhoid ) (/) Vaccination nith t3'phoid raceme is a prerentive measure 

of major importance when persons living in an uninfected area nitli 
veil developed sanitary services migrate to a place vhere enteric infec- 
tion IS endemic {g) Adequate bacteriologic control of vater, milk and 
food and control of earners throughout the countr3’’ would, with no 
inconr enience to the general public, reduce the incidence of enteric fever 
to a point at which a discussion of the role of antit3'phoid vaccination 
w ould bcome of academic interest, at least to those v ho sta3^ at home 

Tetanus — Abel’s associates performed further experiments to illus- 
trate the dual action of tetanus toxin In previous studies hvo distinct 
and separate actions of tetanus toxin were shovn One is represented 
b3'- the response of the central motor neurons vhicli is manifested b3" 
the hj^peractive reflex sj'mptoms, and the other is represented by the 
direct peripheral action of the toxin on the voluntar3’- muscles or their 
motor end plates The latter effect is responsible for the long-continued 
rigidity of the muscles and is clearty evident m a condition vhich has 
long been called local tetanus Under these circumstances there ma3' be 
rigidit3^ and contracture of one or more extremities vithout an3'’ signs 
of tactile reflex motor tetanus These effects never cause death directl3’' 
unless muscles of vital function are involved, such as those of the 
pharynx, larynx or diaphragm 

Firor and Jonas injected minute amounts of tetanus toxin directly 
into the anterior horns of the spinal cord The only observable symp- 
toms resulting therefrom vere reflex hj'perexcitabihty and reflex jerks 
or spasms brought about by the slightest tactile stimulus In the quiet 
intervals between the reflex attacks the muscles were relaxed and flaccid 
The cause of muscle rigiditj’- is therefore to be sought not in the action 
of the toxin on special centers but in its action on the voluntarj'- muscles 
The experiments further show the improbabiht3’' of an upward passage 
or diffusion of tetanus toxin within the cord and favor the Iwpothesis 
of the blood-borne distribution of tetanus toxin 

The results of Abel’s work in the past fev 3 ears ha-ie reiealed the 
futilit3^ of the use of massn e doses of tetanus antitoxin in the treatment 
of tetanus Yet his papers have been apparently o^erlooked by many 

115 Firor, W INI, and Jonas, A F Researches on Tetanus IV The 
Production of Reflex l^Iotor Tetanus b> Intraspinal Injection of Tetanus Toxin, 
Bull Johns Hopkins Hosp 62 91-109 (Feb ) 1938 
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One has but to read the report of a case by Cables to realize the 
extent to which uncontrolled enthusiasm can influence therapy In this 
case, a man with obviousl}’^ mild tetanus was given 3,460,000 units of 
tetanus antitoxin over a period of forty-one days, the last dose was 
injected two days before the patient walked home The cost of the 
antitoxin used, according to current prices, may be estimated at $1,600 
The therapeutic procedure used m this case might be regarded more 
as a test of endurance or capacity than as having any clinical or scientific 
value 

Gilles made a systemic investigation of the presence of tetanus 
bacilli or spores m the dust of the streets of a large city He found 
Clostridium tetani to be widely distributed in street dust in spite of the 
minimal amounts of horse manure present in modern times The results 
of his study justify the use of prophylaxis against tetanus in all cases 
of street accidents accompanied by lacerations or abrasions of the skin 

Tetanus toxoid A year after the injection of three doses of alum 
toxoid the antitoxic titer of the blood dropped considerably but 
remained fairly constant when three doses (0 5, 1 and 1 cc ) of the 
untreated toxoid were injected A subsequent dose of either prepara- 
tion given one year after the initial injections increased the antitoxic 
titer of the blood from twenty to fifty times This level of protection 
IS higher and more persistent than that resulting from the usual prophy- 
lactic effect of the usual form of tetanus antitoxin 

Lepi osy — ^Two members of the United States Public Health Seri ice 
dispel a certain amount of confidence which has gradually accumulated 
concerning knowledge of leprosy At the International Leprosy Con- 
ference in Cairo, Egypt, Hasseltine stated that there is no specific remedy 
for the disease Apparently he and many others have but little faith 
in the power of chaulmoogra oil or its derivatives to influence leprosy 
Wade and others, however, still regard it as a a aluable drug Hasseltine 
outlined a plan for the establishment of a national preventorium to ivhich 
children of leprous parents may be admitted immediately after birth, 
cared for and educated at government expense Although the mode of 
infection of leprosy is unknoA\n, there is reason to belieie that the 
disease, like tuberculosis, is acquired not by inheritance but by long 
exposure to a source of infection 

116 Cables, H A. The Amount of Antitoxin Used in a Case of Tetanus, 
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McCoy reiterates that the exact mode of transmission of the 
disease is unknown and points pessimistically to the fact that there exists 
no real pi oof of the efficiency of segregation as a measure for public 
health Segregation is justified, he believes, from the point of view of 
the esthetic interests of a community and from that of public charity 
Segregation, he believes, should be leniently enforced, particularly in 
regions where leprosy has no tendency to spread Although prolonged 
and intimate contact seems necessary for infection to take place, never- 
theless there are many cases in which no contact with known lepi osy can 
be discovered With the latter type of case one can only speculate 
as to the occurrence of latent leprosy or possible carriers as souices of 
infection No laboratoiy animals have 5 'et been found to be susceptible 
to infection vith lepios}^ 

VIRUS DISEASES 

Acute Antenoi PohoinyebUs — The question of the poital of entiy 
of the virus of poliomyelitis has again assumed importance because of 
inteiest in the use of nasal sprays m attempted prophylaxis A number 
of studies have cast doubt on the efficacy of trimtrophenol-alum sprays 
in preventing the disease Numbers of “protected” persons have con- 
tracted poliomyelitis The following statement was lecently endorsed 
by several leading authorities 

There is at present no generally accepted preventive of poliomyelitis nor any 
effective remedy in the acute stage, other than absolute rest Complete rest is so 
important in the early days of this inflammation of the central nervous system 
that it IS usually far better to leave the child in bed at home when the disease is 
first suspected than to move him any appreciable distance to a hospital 

A recent polemic between Harmon and Lennette brings out a 
number of points in favor of routes of infection other than the naso- 
pharynx Harmon favors the gastrointestinal route of infection, as 
emphasized for years by Swedish investigators and by Toomey, since 
( 1 ) there is no obvious contagion in poliomyelitis of man, ( 2 ) cutting 
the olfactory tracts does not prevent infection when the virus is inocu- 
lated intravenously, (3) monkeys do not contiact the disease by the 
nasopharyngeal route unless heioic methods are used, (4) nasal spraying 
with zinc sulfate does not prevent infection when virus is given intra- 

119 McCo 3 ^ G W Communicability of Leprosy and Application of Control 
Measures, Arch Dermat & Syph 37 169-174 (Feb) 1938 
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venously or by mouth, (5) symptoms m some cases aie present exclu- 
sively m the gastrointestinal tract, (6) the disease can be produced 
experimentally m monkeys by gastrointestinal inoculation, (7) the virus 
may be found m the nasopharynx after intraceiebral or mtiavenous 
inoculation , (8) it is often impossible to isolate the virus from the naso- 
phaiynx of patients, and it can often be recovered fiom the rectal 
washings, (9) alterations m the olfactory bulbs are not always piesent 
in patients examined post mortem 

Lennette m defending the concept of the nasopharynx as a poital 
of entry leplies that (1) the presence of virus in the stool and rectal 
washings may be explained by virus which has been swallowed, (2) 
virus may not be recoveiable from the nasophar 3 mx of patients because 
of its presence m subinfective dosage or simultaneous presence with a 
neutralizing antibody, (3) virus has been lecovered fiom the naso- 
pharynx of a significant percentage of patients and contact cariieis, 
and (4) his own experiments strongly suggested that infection does not 
occur in test animals if the olfactory nerAes are cut Lesions occur 
m the olfactoiy bulbs of animals inoculated intravenously, but com- 
plete serial sections must often be made to detect them Each observer 
IS critical of the size of the inoculum used by the othei, claiming that 
overdosage may lead to eironeous conclusions 

The performance of some decisive experiments to show whether 
one loute or the other or both may be followed by the virus in carriers 
of infection has not as yet been accomplished The controversy may 
perhaps be clarified in part by the observation of Tiask and PauP*® 
that a generalization as to the route of infection does not apply to all 
strains of the virus With some strains, for example, it is easy to infect 
monkeys by intiacutaneous inoculation Cutaneous infectivity seems to 
decrease with the age of the stiain Howe and Ecke excised the 
olfactory tiacts of monkeys and left the olfactory bulbs In such animals 
after inoculation, fever developed but no paralysis Other monkeys 
from which the olfactory bulbs weie lemoved did not have fever oi 
paralysis The experiments aie believed to suggest that the olfactory 
bulbs are the seat of the Aurus reaction Schultz and RafTel Avere 
able to concentrate the viius of poliomyelitis by means of ultiacentri- 
fugation in a vacuum 

123 Trask, J D , and Paul, J R The Skin Infectivity of Poliomyelitis 
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In an epidemic of poliomyelitis m Texas, Gilliam and Decherd 
noted a large proportion of patients with predominant signs of bulbo- 
pontile involvement Hudson and Lennette obtained samples of 
serums from persons in Brazil and from an island near Australia to 
determine whether or not a specific virus-neutralizing substance vas 
present to indicate that poliomyelitis occurs in these tropical areas The 
serum from the majority of persons tested contained neutralizing proper- 
ties, showing that poliomyelitis is probabty worldwide m its distribution 

Eiicephahtis — Investigators m St Louis isolated the virus which 
caused the 1937 outbreak of encephalitis and found it to be immuno- 
logically identical with the one which caused an epidemic m that city 
m 1933 An endemic focus no doubt exists there Evidence’-” indi- 
cates that encephalitis of the St Louis type was present in an epidemic 
in California m the summer of 1937 Fifty-five per cent of 29 samples 
of serum from patients with acute encephalitis or polioencephalitis 
neutralized the virus of the St Louis type, and none neutralized virus 
of lymphocytic choriomeningitis Other interesting studies showed 
that the lesions produced in mice by the virus of encephalitis varies in 
intensity with the season The cerebral reaction is of greatest severity 
in winter and of least severity in summer Artificial raising or lowering 
of the temperature seemed to have the same effects In similar experi- 
ments the intensity of the cerebral lesions of experimental typhus fever 
of the endemic type was also m inverse proportion to the temperature 
both seasonally and when artificially regulated The clinical reaction 
and the duration of the disease were greater in winter than in summer, 
and the incubation period was longer in summer than in winter 

126 Gilliam, A G, and Decherd, G M Note on the Preponderance of 
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Austin, Texas, Pub Health Rep 52 1853-1854 (Dec 17) 1937 

127 Hudson, N P , and Lennette, E H Incidence of Poliocidal Services 
in Regions Where Poliomyelitis Epidemics Are Infrequent, Am J Trop Med 
18 35-40 (Jan ) 1938 

128 Greutter, J , Brown, G O , Muether, R O , and Casey, A E Further 
Studies on the Virus of tlie 1937 Outbreak of Encephalitis m St Louis, Proc 
Soc Exper Biol & Med 37 284-285 (Nov ) 1937 McCordock, H A , Smith, 
M G , and Moore, E Isolation of St Louis Encephalitis Virus During Inter and 
Epidemic Periods, ibid 37 288-290 (Nov ) 1937 

129 Howitt, B F Antiviral Substances to the A^hrus of Encephalitis (St 
Louis T 3 ^pe) in Serums Collected in California, Proc Soc Exper Biol & Aled 
38 334-336 (April) 1938 

130 Lillie, R D , Dj er, R E , Armstrong, C , and Pasternack, J G Seasonal 
A^ariation in Intensit\ of Brain Reaction of the St Louis Encephalitis in Mice 
and of Endemic T 3 phus in Guinea Pigs, Pub Health Rep 52 1805-1822 (Dec 
10) 1937 



342 


ARCHIVES OF INTERNAL MEDICINE 


It IS known that the virus of equine encephalomyelitis can be sedi- 
mented by ultracentrifugation It has now been shown that the immune 
bodies contained m the tissues of animals which have recovered fiom 
infection can likewise be concentiated by high speed centrifugation 

Lymphocytic Chonoinemngitts — Investigators^®- in the United 
States Public Health Service endeavored to determine how widely the 
virus of lymphocytic choriomeningitis is distributed in the United States 
by testing the serum of persons in different localities for the presence of 
specific protective bodies Since recovery from the infection is followed 
by the production of demonstrable specific antibodies, it is assumed that 
persons whose seium is protective have actually suffered from the dis- 
ease at some previous time Protective antibodies were present in the 
serum from 138 (11 per cent) of the 1,248 persons tested The serum 
of children rarely had protective antibodies Positive results were 
obtained for serums that came from widely scattered areas of the 
country, and in many instances a history of meningeal symptoms could 
not be obtained It is suggested that numerous cases of subclmical or 
undiagnosed choriomeningitis occur Often the only symptoms present 
in proved cases are those easily mistaken for a cold or grip Antibodies 
may persist m the blood for neaily four years after an attack 

The authors found it possible to tiansmit the infection to monkeys 
by instdlmg the virus into the urethra or the vagina Virus has been 
found in the mine and in the seminal fluid of infected animals These 
facts suggest the possibility of a venereal route as one mode of infection 

A serous form of meningitis of unknown etiology is described by 
Fatzer,^®® of Switzerland The clinical description and laboratory find- 
ings are similar to those of lymphocytic choriomeningitis It is regarded 
as a disease of young swineherds and is presumably contracted from 
sick pigs 

Measles — Broadhuist and her associates'®^ report the demonstra- 
tion of inclusion bodies in the nasal mucous membranes and in the 
Kophk spots when preparations are stained with nigrosine Inclusion 
bodies were said to be readily found in the mononuclear cells of the 
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blood when smears were stained with simple stains They were present 
from one day before the exanthem broke out to ten days after its 
appearance Inclusion bodies composed of rounded granules and com- 
pact crescentic bodies also appeared m tissue cultures of leukoc 3 'tes taken 
from patients with measles on the third and the seventh da}'- of the 
disease 

In another study, cytoplasmic inclusion bodies obtained from 
patients with sore throat, chronic cough and other symptoms were also 
reported to be grown in tissue cultures The cells containing such 
inclusion bodies do not show the same changes as those in cells of blood 
or tissue from patients with measles 

Foot and Mouth Disease — An epizootic of foot and mouth disease 
broke out in Germany in 1937, as described by Wagener He also 
points out that theie are three varieties of the virus, A, B and C, and 
that one type does not produce immunity against the otheis Human 
beings may become infected, and after an incubation period of several 
days there is fever with a diphasic character, and primary blisteis 
develop at the portal of entry of the virus, usually on the lips, mouth 
and hands Etiologic diagnosis may be established by inoculating blister 
fluid into the scarified skin of the feet of guinea pigs 

Yellow Fevei — Soper and Smith found yellow fever virus 
grown m tissue cultures when mixed with human immune serum to be 
a safe and effective mixture for immunization but unpractical because 
of the small amounts available A high percentage of failures occurred 
when persons were vaccinated with hyperimmune monkey serum and 
tissue culture virus In 20 to 30 per cent of peisons vaccinated with 
certain lots of vaccine, delayed reactions characterized by jaundice 
occurred within two to eight months Vaccination against yellow fever 
IS obviously not yet on a reliable basis 

The newly recognized jungle yellow fever of South America, which 
was at first believed to be transmitted to man by means other than the 
mosquito, has been tiansmitted by the Aedes aegypti mosquito under 
laboratory conditions 

135 Broadhurst, J , Cameron, G, and Saurino, V Measles Inclusion Bodies 
m Blood and in Tissue Culture, J Infect Dis 62 6-20 (Jan -Feb ) 1938 
Broadhurst, J , Cameron, G, and Taylor, I Tissue Cultures of Human Throat 
Inclusion Bodies, ibid 62 21-26 (Jan -Feb ) 1938 

136 Wagener, K Die iMaul- und Klauenseuche als medizinisches Problem, 
Med Klin 34 173-175 (Feb 11) 1938 

136a Soper, F L, and Smith, H H Yellow Fever Vaccination with Cultivated 
Virus and Immune and Hyperimmune Serum, Am J Trop Med 18 111-134 
(March) 1938 

136b Whitman, L, and Antunes, P C A Transmission of Two Strains of 
Jungle Yellow Fever Virus by Aedes Aegi^pti, Am J Trop Med 18 135-148 
(March) 1938 
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The Nature of Filtrable Virus — Rawlins and Takahashi/®’^ it seems, 
are not wholly convinced of the inanimate nature of certain viiuses, at 
least they feel that the matter is by no means settled Other observeis 
have believed Stanley’s crystals to be composed of elongated molecules 
in the liquid crystalline state The molecules tend to come together 
with their long axes parallel, forming submici oscopic groups called 
swarms The swarms presumably come together with their long axes 
parallel and are then visible Under polarized light these liquid crystals 
may be indistinguishable from similar groups composed of submicro- 
scopic crystals called tactoids The virus of tobacco mosaic disease has 
some of the properties of hc[uid crystals and tactoids Furthermore, the 
molecular weight of the tobacco mosaic virus protein lies between 
10,000,000 and 17,000,000, and the weight of bacteriophage is probably 
over 200,000,000 The highest molecular weight of known enzymes 
IS 82,800 Because of the wide differences in weight between the virus 
and the enzymes, the question is raised whether or not they are, after 
all, quite different These and other puzzling facts provide oppoitunity 
for much more study of the subject 

MISCELLANEOUS DISEASES 

Trichinosis — Sawitz made a study of the prevalence of trichinosis 
111 the United States according to vaiious authois who have made special 
studies of the subject in postmortem examinations The incidence of 
tnchinella infection was 12 per cent Statistically the incidence of 
trichinosis has increased considerably in recent years, but this increase, 
as in other infectious diseases, more likely indicates that in more cases 
the condition is being coirectly diagnosed The mortality rate is low^er 
than stated in other repoits, which indicates that more mild cases are 
being recognized 

A large outbreak of trichinosis was observed in a Civilian Con- 
servation Corps camp in Vermont in October 1937 Forty-four patients 
required hospital treatment, and 20 remained ambulatoiy All enrollees 
had been present at one meal and had eaten roast loin of pork which 
was said to have been undercooked in the center The incubation period 
varied from three to twenty days, wuth an average of tw^elve days Biopsy 
was made in several cases In 1 case 800 larvae were estimated per 
gram of muscle If larvae w^ere distiibuted uniformly in this patient’s 
musculatuie, it was estimated that ovei 26,000,000 w’^ere present The 

137 Rawlins, T E, and Takahashi, W N The Nature of Viruses, Science 
87 255-256 (March 18) 1938 

138 Sawitz, W Prevalence of Trichinosis in the United States, Pub Health 
Rep 53 365-383 (March 11) 1938 

139 Ferenbaugh, T L , Segal, L, and Schulze, HA A Trichinosis Epi- 
demic of Sixty-Four Cases, JAMA 110 1434-1436 (April 30) 1938 
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remaining 136 healthy members of the company were gnen the cutaneous 
and the precipitin test, 20 gave positive reactions Seven of the 20 
had no symptoms of illness, 5 had been under observation for suspected 
trichinosis and 8 had the indefinite symptoms of a cold, vitli swollen 
conjunctivae, painful eyeballs, muscular weakness and malaise In this 
epidemic, therefore, about one third of the infected persons ^vere ambu- 
latory, with subclmical infection 

One Avonders how many patients thought to be suffering fiom colds 
actually have a mild form of some other disease In the epidemic just 
reported mild tiichmosis Avas the cause, and as stated elseAvhere in this 
revieAv, choriomeningitis Avas apparently the cause A fcAV yeais ago a 
number of persons in Brazil Avho supposedly had colds or influenza 
actuall}^ had yelloAV fever In many cases poliomyelitis in its early stages 
IS thought to be a cold Pneumonic plague in California AAas thought to 
be influenza until an investigation AA^as made Many other examples 
of error could be cited 

Malana — Important experimental studies on malaria are under Ava) 
in the laboratories of the International Health Division of the Rockefeller 
Foundation A certain degree of immunity to malaria is generally 
beheA^ed to exist after recoA'^ery from the disease Serum from monkeys 
Avith chronic plasmodial infection, Coggeshall and Kumm found, AA^as 
effectiA^e in reducing the intensity of the primary infection in othei 
animals Protectn^e antibodies appear in the blood of monkeys during 
experimental infection Coggeshall inoculated monkeys Avith Plas- 
modium knoAvlesi and Plasmodium inui As an immediate response, the 
spleen became enlarged, at times eA'^en before parasites appeared in the 
peripheral blood The more Aurulent P knoAvlesi caused less enlarge- 
ment of the spleen than P inui 

An interesting paper by Mayne discusses the question of pro- 
tracted incubation or latency of malarial infection In 1 patient observed 
the latent period betAveen the time of infection and the manifestation 
of symptoms Avas one year Other observers also noted long periods 
of SIX months or more In considering the reason for the delay of 
evidence of disease, several factors may be operatiA’-e the condition of 
the patient, the season of the year Avhen infection occurs, the size of the 
dose of infection and, of course, the A^ariety of Plasmodium dealt AAitli 
The long latent period in malana also ina}’’ account for the deA^elopment 

140 Coggeshall, L T , and Kumm, H W Demonstration of Passu e 
Immunitj in Experimental Monkey Malaria, J Exper Med 66 177-189 (Aug ) 
1937 

141 Coggeshall, L T Splenomegaly m Experimental Afonke}^ Afalana, Am 
J Trop Med 17 605-617 (July) 1937 

142 l\Iayne, B Protracted Incubation m ^Malarial FeAer, Pub Health Rep 
52 1599-1607 (Noa^ 12) 1937 
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of malaria in a recipient after transfusion of blood from a donor who 
has latent malaria The long period of latency of malaria recalls the 
speculation of Zinsser regarding the latency of typhus fever Jews 
living in eastern Europe, it is believed, were infected with the European 
form of typhus in childhood, but the infection remained latent for 
twenty or more years, long aftei immigration to America In latei life 
some circumstance permits the infection to become active and so-called 
Brill’s disease results I recently observed a similar example of a long 
latent period of kala-azar A Chinese student had been in the United 
States for over six months when a typical attack of the disease occuired 
Leishman-Donovan bodies were recovered from the blood and spleen, 
and the patient promptly recovered after treatment with an antimony 
preparation 

Papers given at a s5nnposium on malaria by members of the National 
Malaria Committee were published in the August and September num- 
bers of the Soiithein Medical Journal Most of the papers were m 
the form of reviews of recent advances in the subject 

The Malaria Commission of the League of Nations made a study 
on the use of various synthetic drugs and quinine in the prevention and 
treatment of malaiia A report of the commission contains the 
unanimous views of its members and practical recommendations for 
the treatment and prevention of the disease Another valuable report 
was published by the League of Nations 

Rickettsial Diseases — An excellent discussion of the varieties, epi- 
demiology and geographic distiibution of rickettsial diseases has been 
published by Zinsser and on Roclcy Mountain spotted fever by 
Parker 

Diphtheaa — Paik^'*® points out the difficulties inheient in deciding 
on the best method of immunization against diphtheria The varying 
reports of the value of difierent piocedures as found m the literature 
are confusing and probably result from the insufficient number of cases 
studied and from the use of different prepaiations He outlines an 
ideal experiment to decide the matter At present the best method of 
immunization, he believes, is the administration of two or three doses 
of eithei fluid oi alum-precipitated toxoid 

143 Therapeutics and Proph 3 daxis of Malaria, Miscellany, JAMA 110 
1395-1397 (April 23) 1938 

143a Fourth General Report of the Malaria Commission The Treatment of 
Malaria, Bull Health Organ , League of Nations 6 897 (Dec ) 1937 

144 Zinsser, H The Rickettsia Diseases Varieties, Epidemiology and 
Geographical Distribution, Am J Hyg 25 430-463 (May) 1937 

144a Parker, R R Rocky Mountain Spotted Fever, JAMA 110 1185- 
1188 (April 9) , 1273-1278 (April 16) 1938 

145 Park, W H Duration of Immunity Against Diphtheria Achieved by 
Different Methods, J A Af A 109 1681-1683 (Nov 20) 1937 
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RARE AND "nEW’' INFECTIONS OF ANIMALS AND MAN 

Reports appear continually of rare or of presumably new diseases in 
animals and man which seem to complicate further and add to the long 
list of well known infections On the other hand, ceitam diseases that 
aie supposedly different, such as Oroya fever and Verrugas peruviana, 
and valley fever and coccidioidal granuloma, as described in a fol- 
lowing paragraph, are shown to represent merely different stages of 
the same disease Thus, as new methods are devised for diagnosis 
and new entities are delineated, the science of medicine actually becomes 
simplified One questions the advisability of regarding many of the 
entities as “new” infections, they have probably existed unrecognized 
or have appeared at long intervals It is safe to prophesy the recog- 
nition of many more infectious diseases as entities as studies are pursued 
further 

Whenev^er the discoveiy of a new form of micro-organism or virus 
in animals is announced, one immediately wonders whether or not simi- 
lar forms may not be the cause of some infection in human beings of 
unknown oiigm One is reminded of the brilliant results obtained from 
the studies of influenza in swine as related to influenza in human beings 

Coccidioidal Gianidoma — Dickson cites evidence to show that 
the puzzling condition called valley fever, as it occurs in the San J oaqum 
Valley in California, is actually the first stage of the disease known as 
coccidioidal granuloma Among 14 patients with coccidioidal granuloma, 
3 had apparentl}'’ had valley fever previously Valley fever is charac- 
terized by acute pulmonary im'^oRement, fever, cough and sputum It 
IS often mistaken for pulmonary tuberculosis until the shadows aie 
found to disappear rapidly from the roentgenograms Erythema nodo- 
sum commonly occurs After an interval of several weeks the symp- 
toms of coccidioidal granuloma appeal The author suggests that the 
initial infection occuis in the respiratory tract and that coccidioidal 
granuloma is a secondary manifestation resulting from hematogenous 
dissemination of the fungus after a period of latency 

Epidemic Diaiihea of the Newborn — A series of outbreaks of a 
highly fatal unknown form of infectious diarrheal disease has affected 
newborn babies m hospital nurseries since 1934 In a statistical study 
of 4,594 births, 711 cases of the disease are recorded, which gives a 

146 Dickson, E C “Valley Fever” of the San Joaquin Valley and Fungus 
Coccidioides, California & West Med 47 151-155 (Sept) 1937, Coccidioides 
Infection, Arch Int Med 59 1029-1044 (June) 1937 

147 Rice, J L , Best, W H , Frant, S , and Abramson, H Epidemic 
Diarrhea of the New-Born I Preliminary Considerations on Outbreaks of 
Higlily Fatal Diarrhea of Undetermined Etiology Among New-Born Babies in 
Hospital Nurseries, JAMA 109 475-481 (Aug 14) 1937 
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morbidity rate of about 15 per cent in the groups involved Of these 
patients, 335 (47 per cent) died Extensive study has failed to solve 
the problem of the etiology, and none of the usual methods of controlling 
epidemics has had any influence m stopping the infection It is pro- 
posed to close nurseries and to suspend maternity services m places 
where infection is present in an attempt to stamp out the disease The 
symptomatology, epidemiology, bacteriology, pathology and control 
measures are described m a paper b)'- Best Bundesen contrasts the 
regulations proposed by Best with those applied m Chicago 

Pemplugiis — Two investigators^^® report the development of illness 
and pathologic changes m irradiated mice after intracerebral inoculation 
of spinal fluid and fluid from blisters obtained from patients with 
pemphigus The coat became rough two days after inoculation, ataxia 
and cachexia developed and death occur red Histologically, necrotic 
aieas were observed in the brain and in the meninges The disease could 
be propagated b} further transfer Control animals showed no lesions 

Ameucan Tiypanosoimasis — Insects infected with Trypanosoma 
ciuzi were found near Los Angeles by Wood’^^’- The trypanosoma 
which is the cause of Chagas’ disease in South America was first found 
m San Diego County and in Arizona several years ago b} Kofoid 

Some French observers leported an unusual infection incited by 
the bite of a lat The patient’s symptoms resembled those of the usual 
form of rat-bite fever, or sodoku, but diffeied m certain respects, there 
were sore throat, arthralgia and hydrai throsis A bacillus identified 
as Streptobacillus moniliformis was recovered from the blood This 
bacillus occurs normally in the oral cavities of lats 

Spirochetal Jaundice — Report is made of a case of infection 
caused by Leptospira camcola characterized by meningeal symptoms 
and apparently contracted from a Samoyed dog An epidemic appar- 
ently caused by Leptospira icterohaemorihagicae and regarded as Weil’s 

148 Best, W H Epidemic Diarrhea of the Newborn, JAMA 110 1155- 
1158 (April 9) 1938 

149 Bundesen, H N Regulations for Prevention of Epidemic Diarrhea of 
the Newborn, J A M A 110 1301-1302 (April 16) 1938 

150 Grace, A W , and Suskind, F H An Agent, Transmissible to Mice, 
Obtained During a Study of Pemphigus Vulgaris, Proc Soc Exper Biol & 
Med 37 324-326 (Nov) 1937 

151 Wood, S F A New Locality for Trypanosoma Cruzi Chagas in Cali- 
fornia, Science 87 366-367 (April 22) 1938 

152 Lemierre, A , Reilly, J , Laporte, A , and Morin, M Sur une nouvelle 
fievre par morsure de rat. Bull Acad de med. Pans 117 705-713 (June 22) 1937 

153 Rods, C J , Walch-Sorgdrager, B , and Schuffer, W A P Epidemic 
of Leptospira Camcola Infection in Human Subjects and Dogs, Nederl tijdschr 
V geneesk 81 3324-3335 (July 10) 1937 
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disease, or infectious jaundice, involved 32 of 122 students who veie 
probably exposed by contact with contaminated hoi) v ater in fonts 
Other repoits of the disease have appeared from many parts of the 
world Weil’s disease probably occurs more frequently than is 
believed in the United States, and efforts should be made to diagnose 
the condition correctl} The increase m the incidence of the disease 
is perhaps not due to its spread or to its actual increase but to correct 
diagnosis m cases in which the condition would have been mistaken for 
some other infection 

Four cases occuired in San Francisco in March 1937 Thirty-three 
per cent of the rats in one community were found to harbor the spiro- 
chetes Meyei and his associates encountered leptospiras from sick 
dogs in Califoinia and had difficulty in transmitting the infection to 
rodents The micio-organisms were classed as L canicola Canine, 
murine and human leptospirosis, they believe, is not uncommon in Cali- 
fornia Similar findings weie reported from Geimany^^’' Cases were 
repoi ted from Detroit and Brooklyn In Scotland the disease 
occuis among those who handle fish and tripe 

An unusual and hitherto unrecognized filtrable virus was encoun- 
tered in rats by Woglom and Warren during studies on rat sarcoma 
The virus was apparently encounteied accidentally When injected 
subcutaneously into normal rats it causes a vigorous prolifeiation of 
connective tissue accompanied by necrosis and pus formation The 
infected rats seldom show any signs of systemic disease, they do not 
lose weight and none dies The effects aie more serious after intra- 
venous inoculation , redness, swelling and abscess formation occur in the 

154 Willett, J C , Sigoloff, E, and Pfau, C L An Institutional Outbreak 
of Epidemic Jaundice, JAMA 106 1644-1646 (May 9) 1936 

155 Spirochetal Jaundice, editorial, JAMA 109 1128-1130 (Oct 2) 1937 

156 Meyer, K F , Eddie, B , and Anderson-Stewart, B Canine, Murine 
and Human Leptospirosis in California, Proc Soc Exper Biol & !Med 38 
17-19 (Feb) 1938 

157 Wirth, D Die Leptospirose (Weilsche Krankheit) bei Tieren, Wien 
khn Wchnschr 50 1115-1117 (July 30) 1937 

157a Molner, J G, and Kasper, J A An Outbreak of Jaundice in Detroit, 
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157b Glotzer, S Wed’s Disease Report of a Case in a Fish Worker, J A 
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feet The virus could be cultivated in the chorioallantoic membrane 
of the chick, and it retained its virulence during three transfers 

Nelson reports an outbreak of a spontaneous disease of mice 
called infectious catarih which is caused by a newly lecogmzed micro- 
organism, a minute gram-negative coccobacillus, similar to that asso- 
ciated with fowl coiyza 

An infectious disease of unknown etiology was observed m Austiaha 
by Dei rick Workei s in meat packing plants were involved The 

onset of the illness was abiupt, and the chief complaints were of 
malaise, headache, pains and aches in the body, anorexia and fever 
The face was flushed, headache was persistent, and drowsiness or stupor 
was common Fever lasted from seven to twenty-four days All the 
patients recovered When the diagnosis was being made the usual forms 
of known infection were ruled out by appropriate tests Guinea pigs 
could be infected by injecting blood or uiiiie of a patient They were 
immune to leinfection No micro-oiganism has been recovered, but 
Burnet, who studied sections of tissues of animals experimentally 
infected, claims to have discoveied rickettsia-hke bodies in the spleen 
The disease has been named Q fever 

MISCELLANEOUS 

Certain interesting studies recently threw some light on the long- 
suspected relation between the so-called fusiform and the spiral bacteiia 
which normally inhabit the mouth In studying colony formations of 
these bacteria, smooth colonies weie found to be composed of short 
bacilli in the centei, with spiial forms around the edge The spiral 
forms appealed to be the lough dissociant culture phases of the bacilli 

Rogers made some interesting studies of the possible changes 
which occur in the blood during acute paroxysms of fever The increase 
in the density of the blood which piecedes the fever, chill, muscle spasm, 
pallor and peiipheral constriction was thought to be pait of the anaphy- 
lactoid reaction of the fever-producing agent rathei than an essential 
feature of the mechanism of fever itself As fever sets in there is a 

159 Nelson, J B Infectious Catarrh of Mice, J Exper Med 65 833-842, 
843-849 and 851-860 (June) 1937 

160 Derrick, E H “Q” Fever, New Fever Entity Clinical Features, 
Diagnosis and Laboratory Investigation, M J Australia 2 281-298 (Aug 21) 
1937, A New Virus Disease, Foreign Letters, JAMA 110 1765-1766 
(May 21) 1938 
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temporary state of dilution of the blood, which returns to normal when 
the fever ends, especially after sweating 

A report of the Metiopohtan Life Insurance Company shows 
some striking features in the decline in incidence of certain infectious 
diseases during the past twenty years The following table is based on 
experiences among policy holders of all ages 


Death Rates fiom Infectious Diseases, Showing the Gicatest Pcicentage of 
Decline Betzveen 1911-1915 and 1931-1935 



Percentage 


Decline 

Typhoid fever 

90 2 

Malaria 

87 8 

Diphtheria 

872 

Diarrhea and enteritis 

82 7 

Measles 

77 0 

Whooping cough 

717 

Tuberculosis 

70 2 

Scarlet fever 

69 2 

Rheumatic fever 

60 0 

Erysipelas 

59 3 

Influenza and pneumonia 

44 2 


One IS inclined to look for some explanation of these figuies, since 
the incidence and mortality rates of influenza or of pneumonia, for 
example, in other statistics show that piactically no change has occurred 
It IS also difficult to account for a 60 per cent reduction in death late 
for rheumatic fever and er 3 ^sipelas 

Application of the Langmuir Monolayei Film Technic tO' Biologic 
Pioblems — Shaffer and Dingle applied Langmuir’s ingenious method 
of measuiiiig molecular dimensions to the study of antigens and anti- 
bodies They found, for example, that the adsorption of type III pneu- 
mococcus carbohydiate on a polished chromium surface coated with a 
multiple monomolecular layer of stearate yielded a film with a maximum 
thickness of 50 angstiom units Antipneumococcus t 3 ^pe III rabbit 
serum when applied to such an area increased the thickness to 100 
angstrom units, and antipneumococcus type III horse serum inci eased 
it to 240 angstrom units Expeiiments with other types of pneumo- 
coccus antigens and antibodies suggested that in the horse the size 

163 Statist Bull Metropolitan Life Insur Co 18 3-5 (Sept ) 1937 

164 Shaffer, M F , and Dingle, J H A Study of Antigens and Antibodies by 
the Monolayer Film Technique of Langmuir, Proc Soc Exper Biol & j\fed 38 
528-530 (May) 1938 
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of the antibody protein molecule or aggiegate varies according to 
the type of the pneumococcus, as found also by using different methods, 
such as passage through collodion membranes or by ultracentrifugation 
The film method provides a promising means for further investigation 
of biologic problems 

Ecker and his associates’^®® discoveied the important fact that a 
definite i elation exists between the amount of vitamin C in the diet 
and the titer of complement of the serum of guinea pigs A low com- 
plement titer resulting from vitamin C deficiency could be increased by 
adding crystalline vitamin C to the diet Ascorbic acid seemed to be 
essential to the development of complement 

165 Ecker, E E , Pillemer, L , Wertheimer, D , and Gradis, H Ascorbic 
Acid and Complement Function, J Immunol 34 19-38 (Jan ) 1938 
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A Primer for Diabetic Patients By Russell M Wilder, I\I D , Professor 
and Chief of the Department of Medicine of the ^fayo Foundation, Unner- 
sit}'^ of ^Minnesota Price, §175 Pp 191, with 1 colored plate, 3 illustra- 
tions and many tables Philadelphia W B Saunders Compain, 1937 
This IS an illuminating little book for any one to study wdio has a doubting 
mind about medical progress, for it depicts so well how^ knowledge advances 
The first edition appeared in 1921, an offshoot of what the author felt was 
“the need for a brief outline of the principles underlying the dietary treatment 
of diabetes in the daily instruction of patients in the matter of their diets and 
hygiene” It was at first a simple affair, a mimeographed outline But the 
patients liked it and asked for more, and hence m due time the primer appeared 
in book form, attractiv'e looking and full of common sense New' editions weie 
necessarj' ev'er}' tw'o or three years The popularity of the “Primei” is a good 
indicator of file fact that patients with diabetes wnsli to keep abreast of the 
times and try to be a jump or two ahead of their disease Each new edition 
was a little larger, a little more pretentious and a little fuller of information 
than Its predecessor, but equally well liked The first edition was 76 pages long 
the second 119, the fourth 138 and the fifth 172, and now the sivth has 191 
pages to its credit It probably is no exaggeration to say that the diabetic 
patient in 1938 must know twice as much about his illness in order to remain 
well as he did in 1921 and that there is twice as much knowledge available for 
him to acquire Nowq in addition to everything else that he must be taught in 
regard to diets, urinalyses and the prevention of coma and gangrene, he must 

learn about protamine zinc insulin, how to use it and how it differs from old 

insulin All this is told in the new “Primer” with charming simplicity and 
honesty 

A sister of the Archives, The Jotnnal of the Ameucan Medical Assoctahon 
(J A M A 82 572 [Feb 16] 1924 , 96 553 [Feb 14] 1931, 103 1976 [Dec 22] 

1934), on several occasions has had nice things to say about the “Primer ” The 

Archiv'es, too, would like to praise it For, as unpretentiously as ever, the 
“Primer” continues to be what it started out as a brief, well written, authoritative 
outline of the principles underlying the modern treatment of diabetes expressed m 
easily understood English Doctor as well as patient should read it, lest the 
patient on vusiting the doctor demonstrate that of the pair he is the more alert 
and better educated diabetically 

The Larynx and Its Diseases By Chevalier Jackson, M D , and Chevalier L 
Jackson, AID Price §8 Pp 555, with 220 illustrations, including 11 colored 
plates Philadelphia W B Saunders Company, 1937 

This book will receive and certainb' deserves a hearty welcome from the mem- 
bers of the medical profession in this country Those interested in laryngology 
in particular have looked forward to its publication It is the only textbook of 
recent years devoted exclusively to the diseases of the larynx As the authors 
say in their preface, “Tins is remarkable when one consideis the prevalence of 
larjmgeal disease” 

The book itself is not too v'oluminous, and it does not tire one with insignifi- 
cant details Essentialljq it is a clear, concise revnew of all the diseases peculiar 
to the lar 3 'nx In addition, it contains a full chapter relative to the larjmgeal 
phases of general disease In this respect, and in man}' others too numerous to 
mention, the book should be a valuable adjunct to the librarv' of the general 
practitioner 

The v'aned phases of lar 3 mgeal disturbances are thoroughl} presented in an 
order!} fashion For each disease the authors give the definition and then present 
the incidence, etiology, pathologv, lar 3 ngeal appearance, s} mptomatologv , diag- 
nosis, complications, treatment, prognosis and sequelae and a historical note The 
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last four chapters are devoted to the description of laryngeal and endolaryngeal 
operative procedures 

There are two hundred and twenty illustrations, including eleven plates in 
color, all of which were drawn by Dr Chevalier Jackson 

All recent advances have been incorporated in this volume It represents the 
current ideas in laryngology and will do much to bring forth more accurate 
diagnoses and a better understanding of methods of treatment As a practical 
and useful textbook, this volume cannot be too highly praised 

Practical Proctology By Louis A Buie, M D , Professor of Proctology, the 
Mayo Foundation Price, §6 SO Pp 512, with 152 illustrations Philadel- 
phia W B Saunders Company, 1937 

This book IS written with gusto and is a fine, enthusiastic achievement It 
bears the hallmarks of Mayo Clinic efficiency It is based on ten years’ work 
in a most active medical center and on a personal experience of over forty 
thousand proctoscopic examinations Needless to say, it is well printed and 
clearly illustrated 

Its title gives the clue to the character of the volume It is not a treatise 
for the specialist, but, on the other hand, it is the kind of practical book that 
any internist will enjoy reading It will make him realize that he can learn 
proctoscopic technic , that such examinations are important and that without 
ability to examine the lower portion of the bowel properly he is an unfinished 
diagnostician 

There is an excellent bibliography at the close of each chapter Sensible diet 
lists are appended that may be useful m the treatment of intestinal conditions 
requiring high or low residues There are practical prescriptions of one kind 
or another for palliative therapy as well as descriptions of formidable-sounding 
operative procedures that are now familiar to the expert proctologist 

In brief, one can here obtain a bird’s-eye view of what modern proctology 
IS, and if one wishes detailed information in any specific phase of the subject, 
the information is at hand, clearly expressed and always based on a palatable 
combination of experience and knowledge of the literature On the whole, the 
book IS admirable 

The Cerebrospinal Fluid By H Houston Merritt, M D , and Frank Fremont- 
Smith, M D With a foreword by James B Ayer, M D Price, §5 Pp 333, 
with 17 illustrations and 63 tables Philadelphia W B Saunders Company, 
1937 

This IS a well assembled monograph As Dr Ayer states m the foreword, its 
purpose IS to present facts — ^facts based on thousands of examinations of spinal 
fluid made under standard conditions in connection with a variety of diseased 
states m the wards and in the laboratory of the Boston City Hospital 

The book is written in a scholarly fashion, and due respect is paid to the 
literature Nearly eight hundred references are mentioned which have been 
assembled since Quincke began the clinical examination of spinal fluid, m 1891 
And so, throughout the entire volume, the writers compare their own experience 
with that of others and build up a notably comprehensive and reliable account of 
the present position of this particular laboratory test as a part of the diagnostic 
armamentarium 

The book is easily read as it is well and clearly written The technic is clearly 
described, not merely the technic of how to withdraw spinal or cisternal fluid 
and how to measure the pressure properly, but also the technic of roentgenography 
of the ventnculosubarachnoid space (by Di T J C von Storch) and the technic of 
cell counting and chemical determinations of the spinal fluid The latter subjects 
were written about by Miss Mary D Irvine, who must have had vast experience 
with these methods 

On the whole, here is a successful effort It is an up-to-date account of the 
spinal fluid and will soon become a useful handbook in all hospitals and medical 
schools 
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A i5ioblem of fundamental impoitance in the clinical study of any 
foim of Blights disease is a consideiation of tlie length of time the 
patient has been obseived This is paiticulaily tine m the stud\ ol 
hpoid nephiosis because a diagnosis cannot be made with any degiee 
of ceitainty without a long peiiod of obseivation Too often a patient 
IS studied duiiiig one stage of the disease, and the signs and symptoms 
obsened in this biief peiiod aie consideied to constitute the tine pic- 
tuie of the lenal disoidei In chionic glomeiulonephiitis the vai lability 
of the clinical featuies often leads to confusion in their piopei inter- 
pietation At one time all the majoi symptoms — albummuiia, edema, 
h} pel tension, mtiogen letention and occasionally a conculsion — ma) 
be piesent Later, h}pei tension and nitiogen letention may disapjieai 
and albummuiia and edema may be so pionounced that lipoid nephiosis 
IS thought to exist At anothei stage of the disease theic ma} be no 
edema, but hypei tension, hematuiia and letinopathy ma} fuinish suffi- 
cient CMclence foi a diagnosis of chionic glomeiulonephiitis 

One of the main obstacles to the piopei identification of hiioid 
nephiosis has been the failuie to stud}'’ patients caiefully ovei a long 
peiiod Most cases that aie loosely called cases of lipoid nephiosis aie 
examples of chionic glomeiulonephiitis ’NMth extensne hpoid degen- 
eiation of the tubules Even in some published lepoits it is seen that 
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the blood picssiiic latei lose and genuine uiemia developed Jn oui 
opinion these weie not cases in which hpoid ncphiosis developed into 
chionic glomeiiilonephiitis but weie cases of chionic nephiitis fioin the 
beginning The confusion that has existed because chionic gloineuilo- 
nephiitis may be chaiacteiized by edema is beginning to disappeai 
Obseivations ha^e convinced us that m the couise of chionic nephiitis 
theie may be peiiods lasting fiom weeks to months in which the 
nephiotic s}ndiome dominates, }et fuithci stud) pioves conclusive!} 
that the case is one of chionic glomeiiilonephiitis with sccondai} lipoid 
nephiosis 

In an attempt to diaw a line of dififeientiation between the appaiently 
degeneiatue and the evidently inflammatoiy lenal lesions, Muellei ^ in 
1905 , pioposed the teim nephiosis foi the piimaiy dcgeneiative dis- 
eases This distinction was not accepted without considciable ciiticism 
especiall} fiom such Geiman pathologists as Lohlem - and Aschoff, 
but latei this tcim was populaiized by Munk ' and Volhaid and Fain 
The nephioses, accoiding to Munk’s classification, include seveial t}pes 
of degeneiation of the lenal tubules Foi example, thcie aie {a) albu- 
minous degeneiation, (b) fatty degeneiation, (c) h} aline degeneiation, 
(d) amyloid degeneiation, (c) glycogen degeneiation. as seen m dia- 
betes melhtus, and (f) hpoid nephiosis It is the type called lipoid 
nephiosis by Munk, genuine nephiosis liy Volhaid and Fain and 
chionic nephiosis hi Epstein® that is the pioblem foi discussion heie 
Clinicians, paiticulaily Chiistian,' of tins countiy, and Gainsboiough,® 
of England, and pathologists, notably Bell ® and Shaw Dunn,^® have 
lefused to accept the condition as anything moic than a phase of glo- 
meiulonephiitis Recent woik, especiall} that by Randeiath^^ and 

1 Mueller, F Morbis Bnglitii, Vcrhancll cl clcutscli path Gesellsch 9 64, 
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2 Lohlein, M Ueber Fettmfiltration mid fettige Degeneiation clei Nieie 
des Menschen, Vn chows Arch f path Anat 180 1, 1905 

3 Aschoff, L Ueber den Begnff dei “Nephrosen ’ mid “Scleiosen,” Deutsche 
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4 Munk, F Die Nephrosen, Med Khn 12 1019, 1916 
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6 Epstein, A A Concerning the Causation of Edema in Chionic Pai- 
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23 101, 1929 
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Fahi/- has exemplified the changing conception of the i elation between 
the two diseases The idea is gi owing that lipoid nephiosis is distinct 
and that hypeipeiineabihty of the gloineiulai capillaiies without demon- 
stiable damage to the capillau ^\alls leads to the moiphologic changes 
seen in the tubulai epithelium and glomeiuli If the confusion that has 
aiisen between lipoid nephiosis and othei foims of Blight’s disease is 
to be oveicome, it is essential to identify its cbaiactei istic featmes b} 
piolonged obsenations and with gieat piecision 

Oui purpose in reporting this senes of cases is to show by extepded 
clinical stud} and histologic examination that lipoid nephiosis is essen- 
tially distinct fiom chiomc glomeiulonephntis with the nephiotic s}n- 
diome and that theie is justification on clinical giounds alone foi 
retaining the teim Apait fiom the aigument o\ei the identity of hpoid 
nephiosis, it is thought that to establish it as an entity may aiouse 
moi e active investigation into the cause of the h} pei pei meabiht} of 
the glomeiuli foi albumin, the pioduction of edema and the abnoimal 
metabolism of cholesteiol Howevei, it is not oui aim to solve the 
pioblem of the functional changes aiound which the excessive albu- 
minuiia and edema i evolve A clinical study of the 9 cases piesented 
heie, with a cateful and piolonged follov-up study of some of them 
and an examination of the histologic changes in othei s, may help to 
clarify some aspects of the contioveis) 

The histologic examination of the kidney in so-called hpoid nephiosis 
shows how the confusion has arisen Fiequently theie has been a lack 
of coriespondence between the clinical and the pathologic featuies, and at 
autopsy patients with supposed hpoid nephrosis have been found to have 
chionic glomeiulonephntis In such instances the peiiod of clinical 
study has usually been too shoit for a coiiect diagnosis Often when 
the kidney fails to show the classic histologic pictui e of chi onic glomei u- 
lonephiitis, special stains leveal minimal glomei ulai changes These 
aie consideied by some to be inflammatory changes and by othei s 
degenerative Howevei, this difteience of opinion does not lessen the 
impoitance of the fundamental fact that patients with such lenal changes 
have a course that is vei\ difiteient fiom that of patients with tiue 
glomei ulonephi itis 

The clinical and histologic featuies of hpoid nephiosis have lecently 
been surveyed so compiehensively b} Leiter that fuither amplifica- 
tion is haidly necessai} noM Furthermoie two of us (Dis Murphy 

12 Fahr, T , in Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Spiinger, 1934, aoI 6, 
pt 2, p 829 

13 Leiter, L Nephrosis, Aledicine 10 135, 1931 

14 Alurpln, F D, and Warfield L M Lipoid Nephrosis, Arch Lit Med 
38 449 (Oct) 1926 
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and Wai field) have discussed the disease fully in a pievious lepoit 
In biief, It IS identified clinically by both positive and negative featuies 
Theie aie inaiked albuininui la, hypeicholesteieinia, edema and doubl} 
lefi active lipoids in the uiine, but just as impoitant aie the lack of 
hypei tension, nitiogen letention and genuine uiemia and the fieedom 
fiom an abnoimal ntimbei of led blood cells in the uiinaiy sediment 
All) indications of caidiovasculai changes, such as caidiac h}pertiopln, 
aiteiioscleiosis oi albummuiic letinitis, aic conspicuously absent 
Reduction of the plasma piotein content, paiticulaily a deficit of plasma 
albumin caused by the maiked albuminuiia, has come to be looked on 
as an impoitant clinical featuie The com sc of lipoid nephiosis extends 
ovei a peiiod of months to seveial yeais and fiequcntl) tei inmates in 
complete lecoieiy Occasionally during the peiiods of extreme edema 
a secondaiy infection, often pncumococcic, develops and causes pneu- 
monia 01 pneumococcic peiitonitis 

KUPOK r 01 c vsns 

In this lepoit 9 cases which fulfil the iigid icquiicmenls foi a diag- 
nosis of genuine hpoid nephiosis aic discussed Cases 1 to 3 wcie 
lepoited m an aiticle published in 1926 ” Iw^o patients (cases 2 and 3) 
ha^e been obseived peiiodicalh since that time and an aftei-stud) is 
given heic Two of the 9 patients died and weie studied post moitem 
6 ieco\eied complete!) and 1 is undci obseivation at piesent 

Cask 1 — A man aged 21 entered tlic hospital on Oct 27, 1924, complain- 
ing of headache and swelling of the legs The past histoi\ w'as unimport mt 
except for starlet fever at the age of 10 and gonorihea at 20 

Phjsical examination revealed a well built, well nourished, pale man with 
considerable edema of the legs, face and cj'elids The lungs, heart, abdomen 
and eyegrounds w'ere normal There was no dvspnea The blood pressure was 
118 svstolic and 70 diastolic, and the blood \essels were soft The leflexes were 
normal 

UrinalA'sis sliowed consideiable albumin, no red blood cells, a few Icukocttcs 
hyaline casts and man}' doublv refractive lipoids Chemical examination of the 
blood showed 500 mg of cholesterol per hundied cubic centimeters The seium 
looked milky The Wassermann reaction was negative The phenolsulfonphthalein 
test show'ed 60 per cent excretion in one houi The blood count was normal 
The basal metabolic rate ranged between — 10 and — 15 pei cent 

While the patient w’as under observation m the hospital the edema fluctuated 
leaching a degree so severe at times that the skin cracked, during such peiiods 
he became semicomatose These fluctuations apparentl}' had no relation to treat- 
ment, although large doses of thyroid seemed to piolong the inteival betw'een 
attacks During the attacks the urea nitiogen and the creatinine content of the 
blood remained normal, but the cholesterol content rose The albuminuria remained 
marked at all times The patient died eighteen months after admission to the 
hospital Partial necropsy was performed 

C)oss Postmoi tem Dcsci iphoii — There w’as a small amount of clear, -vellow 
fluid in the peritoneal cavity, and the tissues w'ere slightly edematous The 
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kidnejs were large, fiim and pale The capsule stripped with ease lea\ing a 
smooth, pale surface which w'as mottled cream} white and pink The cortex was 
a creamy w'hite and was greas} in appearance It measuicd 12 to 14 mm in 
thickness and was well marked off from the p^ramlds The pehes appeared 
1101 mal 

Micioscopic Po'yfiiiot tail Dcscnpfwu — Tiie glomeiuh showed no signs of 
inflamniator} change The proximal convoluted tubules revealed extensive and 
profound degenerative changes The cells were pale and sw'ollcn, and the nuclei 
w'ere often not visible The protoplasm looked granular and the lumens of the 
tubules were filled with granular debris There were doubl} refractive lipoids in 
the tubular epithelial cells The collecting tubules and small arteries showed no 
definite changes The adrenal glands, spleen, liver and heart were normal in 
appearance On section the liver was pale, edematous and moderately congested 
The heart showed a slightly raised, yellowish area in the aoitic leaflet of the 
mitral v'alve The abdominal aoita showed numerous vellowish, elongated areas 
slightl} raised abov'e the surface, as well as small rounded, button-like aieas 
Sections of the aorta through one of the yellow patches showed characteristic 
lesions of atheroma in the intima klany refractive lipoids w^ere present 

Case 2 — A woman aged 25, a stenographer, began to have headaches and 
puffiness of the face and ankles in 1921 Urinal} sis at that time showed marked 
albuminuria, a few white blood cells, an occasional cast but no led blood cells 

In 1922 a more complete examination was made The heart and lungs weie 
normal The edema, which had come and gone during the last }ear and a half, 
was marked The blood pressure was 122 systolic and 84 diastolic The Wasser- 
mann reaction of the blood was negativ'e The blood counts weie normal Renal 
function tests rev^ealed no insufficienc} 

During 1923 and 1924 the edema and headaches fluctuated, and the cjuantit} 
of albumin in the urine varied considerabh The blood piessure remained normal 
During this time the patient continued to woik 

Unnalvsis on Dec 5, 1925, showed 2 plus albumin, a specific gravit} of 
1 024, no red blood cells, a few' pus cells and many doubly refractive lipoids 
Cliemical examination of the blood showed nonprotein nitrogen, normal, and 
cholesterol, 384 mg pei hundred cubic centimeters Various diets and treatments, 
including the use of thvioid, were giv'en, but no therapeutic agent seemed to 
nave much influence 

This patient has been under obseivation from time to time until tlic present 
Since 1925 there has been no edema The albuminuria subsided, and there has 
been no recurrence She is working regularl} and appears to have recov'ered com- 
plete!} from the lipoid nephrosis 

Case 3 — A man aged 24 entered the hospital on Dec 9, 1925, complaining of 
swelling of the ankles and face, headache and loss of appetite The s}mptoms 
developed two months before entry without apparent cause The} subsided after 
some treatment but returned The past histor} was unimportant except that he had 
gonorihea at the age of 18 

Physical examination revealed considerable edema of the legs and face The 
heart, lungs and liver weie normal The blood piessure was 125 systolic and 
75 diastolic The Wassermann reaction was negative The e.vegrounds w'cre 
normal 

Unnalvsis showed 4 plus albumin, no red blood cells and main doubh refractive 
lipoids Chemical examination of the blood showed 666 6 mg of cholesterol per 
hundred cubic centimeters The basal metabolic rate averaged 10 per cent 
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The edema fluctuated m intensity and at times became so pionounccd that the 
patient was confined to bed for a number of weeks The marked albummuiia 
persisted After March 1, 1926, the edema disappeared entirely and never returned 
For a number of months there was moderate albummuiia, \\hich gradually 
diminished until about Apiil 1927, when only a trace of albumin was found in 
the urine He was reexamined in 1931 for the purpose of presentation at a clinic 
and was appaiently perfectly normal at that time In Ma> 1937 he was examined 
again and, as the chart shows, was found to be normal in every respect 

C\sn 4 — A woman aged 32, entered the hospital on Jan 24, 1925, for the 
treatment of generalized anasarca The past historv was unimportant except 
for diphtheria at the age of 8 jears and the infections of the uppei respiratory 
tract that are common in childhood The present symptom came on slonlv and 
painlessly without apparent cause m September 1924 The edema nas intermittent 
for several months There were no other complaints 

Physical examination at the time of the patient s entrance into the hospital 
revealed pronounced geneiahzed anasarca The heart was noimal, and the blood 
pressure was 130 s^stollc and 80 diastolic 

Urinal vsis showed 4 plus albumin, a specific gravity of 1 017, an occasional 
led blood cell, 2 or 3 pus cells, 2 to 4 byaline casts and mam doubly^ refractive 
lipoids Chemical examination of the blood showed nonprotem nitiogen, 26 6 mg 
urea nitrogen, 11 1 mg , cieatimne, 2 2 mg, and cholesterol, 490 mg, per hundred 
cubic centimeters Renal function tests showed phenolsulfonphthalein, 50 pei 
cent excreted m the first hour and 25 per cent in the second , dilution and con- 
centration, 1 to 1 022 

The edema fluctuated during the spring of 1925, and in Ma\ it disappeared 
entirely The albuminuria peisisted during 1926 and 1927, but there was no 
further lecuirence of edema The patient was last seen on Aug 10, 1934 At that 
time she was pei fectly normal except that there was a ti ace of albumin in the 
urine 

Case 5 — A man aged 18, a truck driver, entered the hospital on Juh 25, 
1930 He complained of edema and ohguiia which had lasted for twelve ueeks 
He had been in good health before that time The swelling began in the face 
and spread over the entire body Some pain and dyspnea were associated uith it 
The patient had had mumps, measles, influenza and gonoirhea The famih 
history was unimportant 

Physical examination levealed a well de\ eloped, pale, past\ -looking boy who 
w'as so edematous that he lay on his back and had difficulty in moving The 
pharynx w'as injected, and the tonsils were enlarged The lungs and the heart 
were normal The blood pressure w'as 112 systolic and 70 diastolic There were 
draining perforations and many bullae in the right low^er portion of the abdomen 
The extremities were greatly swollen, and theie was diffuse ^eslCulatlon over the 
lower portion of the abdomen and the thighs 

Urinalysis showed 4 plus albumin, a specific gravity of 1 018, 4 to 5 w'hite 
blood cells, 1 or 2 red blood cells, no casts and many doubly refractive lipoids 
Chemical examination of the blood showed cholesterol, 584 6 mg , chloi ides 
364 mg , total protein, 3 75 Gm , albumin, 1 61 Gm , and globulin, 2 14 Gm , per 
hundred cubic centimeters A blood count showed hemoglobin, 70 per cent 
red blood cells, 3,420,000, and white blood cells, 19,950 The renal function tests 
gave normal results 

During his stay in the hospital the patient had a series of severe infections 
In Septembei 1930 he had pneumonia follow'ed by empyema In October he had 
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ensipelas and alter a prolonged course gradually reco%ered In No\ ember the 
edema and albuminuria had completeK disappeared He made a complete and 
uneeentful reco\er} 

This patient returns twice a eear Examination in August 1937 showed the 
urine, heart and blood pressure to be normal He appeared to ha\e reco\ered 
completel} 

C\SE 6 — A girl aged 7 jears was admitted to the hospital on Dec 19, 1935 
One week before entrance, edema de\ eloped in the face, abdomen and extremities 
A A ear and a half before entrj she had a similar attack, which lasted SL\eral 
w eeks Both parents had chronic nephritis The patient had had w hooping coush, 
pneumonia, chickenpox and measles 

Plnsical examination re\ealed a well de\ eloped well nourished and \er\ 
edematous girl The heart and lungs were normal The ejegrounds were normal 
The blood pressure was 120 sjstohc and 60 diastolic 

Unnahsis showed 4 plus albumin, a specific graMU of 1 025, an occasional red 
blood cell, 3 to 4 white blood cells and no casts Chemical examination oi the 
blood showed cholesterol 530 mg total protein, 3 93 Gm albumin, 149 Gm , 
and globulin, 2 44 Gm per hundred cubic centimeters The blood counts were 
normal, and the sedimentation rate was rapid 

The output ot fluid was low, but it gradual!} increased during the course of 
treatment The edema disappeared, and the patient’s condition became so satis- 
iactor} that she was discharged six weeks after entrance 

The patient was last examined on Aug II 1937 She was tree from all 
CMdences of renal disorder and appeared to be in good condition 

C\SD 7 — A man aged 34, was first seen on April 19, 1932 He had alwa}s 
been well and had worked as a railroad switchman until about four months prioi 
to entr}, when he began to notice that his ankles and face, especiall} around 
the e}es, were swollen in the morning when he arose For a number of weeks 
the swelling had disappeared after se^eral hours of actmt} Then the edema 
became more pronounced and failed to subside During klarch and April he was 
so edematous that he was unable to get out of bed 

The famih histor} was irreleiant and the patient’s past histor} was unevent- 
ful except for measles at the age of 9 vears and numerous attacks of infection 
ot the upper respirator} tract 

Plnsical examination revealed a well developed and strong man whose onlv 
difficult} was generalized anasarca The heart, lungs abdomen and e}egrounds 
were normal The blood pressure was 132 s}stohc and 80 diastolic There was no 
arteriosclerosis 

Unnahsis showed 4 plus albumin, an occasional red blood cell numerous 
hv aline casts and main doubh refractive lipoids Chemical examination of the 
blood show ed cholesterol, 484 mg , nonprotein nitrogen, 36 6 mg creatinine, 
1 6 mg , total protein, 4 92 Gm albumin, 1 8 Gm , and globulin 2 95 Gm , per 
hundred cubic centimeters A phenolsulfonphthalein test showed 75 per cent 
excretion in two hours Except for signs of mild anemia the blood count was 
normal The Wassermann reaction was negative 

In kla} 1933 the edema gradual!} subsided Albuminuria and some edema 
about the face and ankles persisted during the entire summer of that vear 
Sometime earh m the fall of 1933 the albuminuria disappeared and never returned 
The cholesterol content of the blood dropped to 260 mg per hundred cubic 
centimeters and the albumin-globulin ratio returned to normal 
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Obsei rations made on tins patient during 1935, 1936 and 1937 showed no eM- 
dences of renal disorder The patient has worked steadih since 1933 and has 
had no ill effects from the disease 

Case 8 — The patient, a bov aged 3 years, was admitted to the hospital on 
May 25, 1937 Tw'o months before entrance there was a gradual onset of general- 
ized edema No sign of infection of the uppei respirator\ tract was noted before 
the edema developed, and theie w'ere no coinulsions The past histor\ show'ed 
none of the usual diseases of childhood, and the patient had not beei subject 
to infections of the uppei respirator} tiact 

Physical examination revealed a fairh well developed pale bov There 
was marked pitting edema inv'olving the entire bodv The abdomen was distended 
with fluid The blood piessuie was 100 systolic and 78 diastolic Otheiwise there 
were no significant findings 

Lrinal 3 sis show'cd 4 plus ilbumni, a specific giavitv of 1017, 2 to 3 white 
blood cells and no led blood cells Chemical examination of the blood show'ed 
cholesteiol, 416 6 mg , total piotein, 4 98 Gm , albumin, 3 12 Gm and globulin, 
186 Gm , per hundred cubic centimeters Seventeen grams of protein was excreted 
in twentv-four hours The sedimentation rate was 100 mm m one hour Renal 
lunction tests gav'e practically normal results 

The patient became very edematous Maiked distention ol the abdomen fol- 
lowed and fever developed A diagnosis of pncumococcic peiitomtis was made 
The temperature rose to 103 F The patient became comatose and died on June 10 
The primal \ cause of death as determined at autopsv was generalized pneu- 
mococcic peritonitis and the contiibutorv cause was hpoid nephrcsis 

Gloss Posfiiioi Icin Dcsci ipttoii — The right kidnev measured 10 5 cm in length, 
5 cm in width and 3 cm in thickness and weighed 90 Gm The capsule stripped 
easily, exposing a pale external surface, on which the stellate veins were extremclv 
dilated On cut section the parench}ma appeared to be pale vellow It averaged 
about 20 mm in thickness, of which 7 mm was cortical tissue The markings of 
the kidne} were absent, and theie was cnlv' a bright icd streaking of the medullarv 
portion The pelvis showed a slightly congested miKOus membrane and emptied 
into two uieters, which fused about at the level of the lowei pole of the kidnev 
into a single ureter 

The left kidney measuied 10 cm m length, 5 cm m width and 3 cm in thick- 
ness and weighed 80 Gm The gross appearance of the left kidnev externallv 
was much the same as that of the light On cut section the paiench}ma averaged 
20 mm m thickness of which 5 mm was coitical tissue The gross structure 
on the cut surface was essentially the same as that of the i ight kidnev Both 
kidnev s were of doughy consistencv 

Micioscopic Postiiwi fan Dcsci iptwn — The glomeruli studied in vaiious sec- 
tions weie fairly normal in appearance In a few, however, there was a slight 
piohfeiaticn of epithelial cells Sections studied with the azocarmine stain showed 
no definite thickening of the basement membrane of the capillaiies Theie was no 
deposit of fatty substance within the glomeruli The convoluted tubules showed 
swollen, granular and vacuolated epithelial cells, which m general appealed lightlv 
stained Some of the epithelial cells lining the tubules showed extensive swelling 
and in some of them the nuclei could net be recognized In some aieas the epithelial 
cells of the convoluted tubules showed an increased numbei of mitotic figuies 
Sections stained for fat levealed an accumulation of minute dioplets of fat in the 
basal portion of the epithelial cells This deposit w'as not umfoim and vv'as not 
seen throughout all the tubules On examination with the polarizing microscope 
this fat was anisotiopic The lumen of the tubules contained gianular amorphous 
material In othei areas some of the tubules contained a homogeneous colloid-likc 
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substance The interstitial tissue of the kicliits ^\as tree ironi cellular infiltration 
'I lie ^elns of the interstitial tissue were somewhat cnnircstcci The arteries 
showed no abnormal thickening or sclerotic processes 

Case 9 — The patient, a ho\ aged 3 ecars, enteied the hospital in December 193s, 
suffering from generalized anasarca The edema, wdiicli began in September, 
came and w'ent but gradually became worse until, on the dae of entrance he was 
too edematous to w'alk 

Plnsical examination revealed a well de\ eloped and w'ell nourished ho\ The 
heart and Jungs w'ere normal The abdomen A\as distended with fluid, and the 
cjehds, extremities and genitalia were badli swollen 

Uiinah'sis showed 4 plus albumin, a specific graMtj of 1 034, no led blood 
cells, se\cral pus cells, gianular casts and 1113113 douhl 3 refractive lipoids Chemical 
examination of the blood show'cd cholesterol 503 mg , nonprotein nitiocreii, 
24 7 mg , plasma protein, 3 OS Gm , albumin, 1 37 Gni , and globulin, 1 71 Gin 
pel hundred cubic centimetei s Except for evidence of mild secondari aneniia the 
lilood counts W'ere normal 

Tlie edema disappeared after tliiee months of treatment in the liosiiital In 
Vpiil the patient returned home and was free from edema dm mg the spring and 
summer of 1936 Moderate albuminuria persisted 

On Oct 16, 1936, he was so edematous that hospitalization was again 
necessai}' Ph 3 'sical examination show'ed no de\iation from the foimer lecord 
Uimab'sis levealed niaiked albuminuria, a specific giavity of 1 024, no led blood 
tells, a few' pus cells, a few' casts and many doubb' refractive lipoids Chemital 
examination of the blood sliow'ed cholesterol, 608 mg , nonprotein mti ogen, noi mal 
content, total protein 2 97 Gm , albumin, 160 Gm , and globulin, 107 Gm , pei 
bundled cubic centimeters 

The patient remained undei observation m the hospital foi some time The 
maiked albuminuiia peisisted foi several w'eeks The edema fluetuated in intensitN 
during 1937 At present it has disappeaied, and the patient appears to be lecoxciing 

AKA-IASIS or CLINICAL D\1A 

Although lipoid nephiosis ina}'^ occui at an} age, it is laie aftei the 
age of 40 and develops most fiequently in children and adolescents 
Ihe ages of the patients in this senes langed fiom 3 to 34 }eais, 6 weic 
between 17 and 34 }eais of age. and 2 weie 3 \eats old Theie weie 6 
males and 3 females Theie w'as no con elation between the age of tlic 
patient and the outcome of the disease The hist ])atient was aged 21 
and died of a convulsion, w'-ith geneiahzed edema, while the eighth 
patient w'as aged 3 and died of pneumococcic pentonitis It ma}' he 
that lesistance to pneumoeoceic infection is low'ei m childicn than in 
adults In no case w'as the etiologic factoi definite!} established A sum- 
man of the essential data m these cases is given in table 1 

In no case was theie the acute abiupt onset desei ibed b\ Blackman '' 
and otheis Tlie disoidei aiipaiently began insidiomh 3 \]th edema of 
the face and ankles and giadualh de^ eloped into geneiahzed anasaiea 

15 Blackman S S Ji Pneumococcal Lipoid Xephicsis and tbe Relation 
Between Xepbiosi*; and Xepbritis Clinical and Anatomical Studies Bull Tohns 
Hopkins Hosj) 55 1 1934 
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The lesults of chemical examinations of the blood and othci laboia- 
toiy data aie tabulated in table 1 These icsults confoim to data pub- 
lished legaidmg othei cases of hpoid nephiosis Jd}peicholesteiemici 
mveision of the albumin-globulin latio and the absence of nonpiotem 
nitiogen oi of cieatinme letention wcie featuies of eveiy case Ihe 
ability to concentiate was noimal, and no insufficiency w'as found with 
the phenolsulfonphthalein oi the uiea cleaiance test In no instance was 
theie aiteiioscleiosis of the peiipheial aiteiies, Inpei tension, letmitis 
01 caidiac hypeitioph> The Wasseimann leaction was negative in all 
cases 

Albuminuiia w^as maiked, the amount of albumin excicted vai}ing 
fiom 5 to ovei 45 Gm a day dining the active peiiod of the disease 
This excessive loss of albumin was closelv i elated to the deficit of 
plasma piotem and the onset of edema The specific giaiity of the uiinc 
was high, langing fiom 1017 to 1 035 The uiinai\ sediment in no 
case contained moie than an occasional led blood cell, but wdiite blood 
cells and w'axy casts w'eie eommon featuies Doubl}' lefi active lipoids 
w'eie found wMth the polaiizmg micioscope in eveiy case, but the num- 
bei and si/e boie no i elation to the degiee of edema It w^as not 
uncommon to find them m the uiine months aftei the edema had sub- 
sided When albuminuiia disappeaied, anisotiopie lipoids w'eie not in 
ei 1 deuce 

The outstanding feaiuie w'as the edema which follow''ed piacticalh 
the same pattern in eveiy case It came on giadually and painlessly 
and wnthm a few^ w'eeks disappeaied wnthout causing the patient much 
discomfoit, onl}^ to letuin weeks oi months latei The lecuiient attack^ 
weie moie scveie and lesistant to tieatment than the oiigmal ones and 
in some cases the sw^elhng assumed tiemendous piopoitions Although 
edema is a constant featuic, it must be boine in mind that it is intei- 
mittent Man} believe that this s}mptom constitutes hpoid nephiosis 
but the disease may peisist foi many }cais, as is seen fiom obseivations 
lecoided heie, and yet edema may be piominent loi onh a shoit peiiod 

Examinations of the piotein content of the blood jdasma weie made 
111 all cases except cases 1 to 3 The onset and i emissions of attacks of 
edema w’^eie closely i elated to changes m the jilasma jiiotein content. 
In case 4 a determination of the quantities of total pi otein and albumin 
was not made dining the peiiod of edema Oui obsenations aie in 
accoid with the view'^ of Alooie and X'an Sl}ke,’'’ who have pointed out 
that patients wnth a low' plasma jiiotQin content show' a tendenc} to 

16 Moore, N S , and Van Slyke, D D The Relationships Between Plasma 
Specific Gravity, Plasma Protein Content and Edema m Nephiitis, J Clin Iines- 
tigation 8 337, 1930 
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edcnici foi Illation Oui exaiiinicitions show that tlicic is no exact jiaial- 
lelisni between tlie onset of edema and the dceiease of the ])lasiiia 
piotein content This is paiticulaily cniphasi7ed in case 8 d he lack 
of coi 1 espondeiice is undoubtedh’' clue to the fact that the colloidal 
osmotic pressme of the blood plasma does not ah\a\s confoini to the 
changes in the ciuantit} of plasma protein 

Hypei tension was not obseived duiiiig the cotiise of the disease 
When in a case consideied at fiist to be one of lipoid nephiosis Inpei- 
tension de\ eloped, even though mild in t\pe, othei sxmptoms of chionie 
glomei ulonephi itis mvai labl} followed 

Fiom the clinical point of view the study of these cases o\ci a num- 
bei of years has led to an undei standing of the tine couise and outcome 
of lipoid nephiosis that cannot be afforded bj sboit peiiods of obsena- 
tion One patient (case 2) \\as studied for fifteen }eais. 2 (cases 3 


'1 \i'ij 2 — Siititniaiv of Data on Clinical Com sc and Oiihonu 
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and 4) foi twelve }eais each, 1 (case 5) foi seven }eais, 1 (case 7) foi 
five yeais, 2 (cases 6 and 9) foi tuo years each, 1 (case 1) foi one 
and a half ^eais and 1 (case 8) for thiee months A summai} of the 
data on the clinical couise and outcome is given in table 2 

ANALYSIS or PXrilOLOGIC DVT\ 

J he pathologic changes obseixed at autopsy m cases of lipoid 
nephiosis aie most pionounced m the tubules of the kidne} It should 
be emphasized, houeiei, that in many cases the glomeruli as uell as the 
tubules aie affected — the so-called glomei ulonephrosis of Fahi This 
tact does not imph that nephiosis lepiesents inAohement of eithei the 
glomei uli 01 the tubules alone but lather m\ohement of the entiic 
functional unit of the kidne} — the nephron 

A aiious authois \\ho have studied the moiphologic changes in the 
glomei uh disagiee as to uhethei the lesion is mflammatoi} oi degeneia- 
tue and \\hethci oi not glomei ulai change can be demonstrated in 
c\ei} case clmicall} topical of lipoid nephrosis The moiphologic 
changes in the glomeruli nnohe if demonstiable the basement mem- 
bianc the capillai} endothelial cells and the glomei ulai epithelial cells- 
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In the early stages of hpoid nephrosis, it is geneially agieed, theie 
IS no cii dilatory disturbance within the glomerular capillaries (Vol- 
hard,^' Shaw Dunn and Bell but one must assume a tunctional dis- 
turbance of the capillaries, evidenced by increased permeabiht} This 
is not necessarily accompanied in the early phase by damage to the 
histologic structure of the glomerulus but may latei lead to morphologic 
changes which are described as representing glomei ulonephrosis There 
seems to be a parallelism between the extent of the glomerular damage 
and the duration of the increased permeability as well as the chemical 
and physical natuie of the protein j^assing thiough the capillaiy rvall 

If one summaiizes the glomei ulai changes in lipoid nephiosis, Bvo 
phases can be lecogmzed {a) an eaily^ stage, m which theie is only an 
increased permeability of the capillaries, with no demonstiable moipho- 
logic lesion m the glomei ulai stuictuie, and (6) a latei stage, in wdiich 
the increased peimeabihty has pioduced changes m the basement mem- 
brane, the capillary endothelial cells and the epithelial cells of the 
glomerulus, the typical pictuie of so-called glomei ulonephrosis The 
changes observed m the cases studied hcie may be summaiized as fol- 
low s 

1 The involvement of the glomei uh w^as not unifoim and was not 
of the same natuie as the inicioscopic lesion obsened in glomei - 
ulonephiitis A slight but not unifoim thickening of the basement 
membrane of the capillaiies was found in an occasional glomerulus 
Infiltration of the glomerulai cells Iw fatty substances was not an out- 
standing feature 

2 Changes in the tubules, especially^ in the pioximal poition of the 
convoluted tubules, weie the most outstanding features Theie weie 
deposits of fatty^ substances neai the basiiai poition of the epithelial 
cells which showed doubly’- refractive j^iopeities on examination wuth 
the polarizing micioscope Besides the deposit of fat oi hpoid mateiial, 
the epithelium show'-ed evidence of A^aiious othei so-called degenerative 
piocesses, consisting of hy^ahne droplet infiltiation and hydiopic degen- 
ei ation 

3 The lumens of the tubules w’eie iiiegulai and often contained an 
amoiphous gianulai mateiial, occasionally wuth some doubly lefi active • 
granules and a homogeneous colloid-like substance 

4 The inteistitial tissue of the kidney did not piesent any inflam- 
matory’^ leaction 

5 Vasculai changes in the laige, medium-sized and small aiteiies 
weie absent 


17 A^olhard F in a on Beigmann, G and Staehehn, R Handbuch der 
inneren Medizin, Berlin, Tubus Springer, 1931, vol 6, pt 2, p 1046 
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Dr BelP* studied the kidne} in case 8 and obsened no structuial 
change in the gloineiuh His opinion \\as that the appeal ance of the 
tubules supported oui inteipretation of hpoid nephrosis 

COMMENT 

The main stumbling block in the recognition of hpoid nephroSis is 
the fact that many patients with chronic glomeiulonephiitis present an 
almost identical clinical pictui e Histologicall} , however, the difference 
IS easily appaient, eien though theie may be minimal glonierulai involve- 
ment If theie IS extensive tubular degeneiation with scant glomeiulai 
disease, the nephiotic syndiome is likely to be most piomment clinically, 
on the othei hand, if glomeiulai lesions predominate, the classic picture 
of glomeiulonephritis pievails Fiequently theie is a mixture of the 
two, and sometimes the nephiotic changes so dominate the pictuie that 
a diagnosis of hpoid nephiosis is eiioneousl} made 

Conti aiy to the opinion of some obseiveis, the contio\ersy con- 
cerning the identity of hpoid nephiosis has not been settled but onh 
laid aside until fuithei m\ estigation clears up the problem Uncei- 
tamty and confusion still sui round some of the most impoitant aspects 
of the disease, paiticulaily the natuie of the glomerulai changes There 
IS almost complete agi cement legarding the hpoid degeneiation of the 
tubulai epithelium, but this is not tiue of the malpighian tufts Foimeih 
the glomeruli were desciibed as normal, but moie lecently Fahr,^- 
Munk Volhaid,^' Fishbeig-® and others have described degenerative 
changes m the endothelium and epithelium coi responding to those seen 
111 the tubulai epithelium but of lessei degree Theie are wi iters like 
Shaw Dunn v ho considei the changes in the glomeruli as larval 
foims of glomerulonephritis Likewise, Bell has stated that the 
stiuctural changes m the basement membiane of the glomerulai capil- 
laiies which aie levealed by a special stain repiesent a stage of glomei- 
ulonephiitis 

Aftei making examinations m 2 cases of hpoid nephiosis with the 
nevei special stains. Kantiowitz and Klempeier-^ concluded that the 
slight swelling of the endothelial cells and the thickening of the base- 

18 Bell, E T Personal communication to the authors 

19 Alunk, F Pathologic und Klimk der Nephrosen, Nephntiden und 
Schrumpfmeren Emfuhrung in die moderne klinische Nierenpathologie, cd 2, 
Berlin, Urban & Schv arrenberg, 1925 

20 Fishberg, A M H} pei tension and Nephritis, Philadelphia, Lea 5. Febiger, 
1934 

21 Kantrovitr, A R, and Klemperei, P Ueber Lipoidnephrose, Virchows 
Arch f path Anat 280 554 1931 
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nient membiane do not inflammation Hitziot and Read-- also 

have piesented evidence that lipoid nephiosis is a clinical and path- 
ologic entity In then cases the clinical featuies of glomeiiilonephiitis 
weie absent, and aftei exhaustive histologic studies, using the staining 
methods ad^ocated by Bell,"' they found no indications of inflammaton 
lesions 

Since the eailiei studies by Munk, Volhaid and Fain,"’ Epstein' 
and otheis the problem concerning the individuality of lipoid nephiosis 
has been widely discussed Eatliei pathologists, Aschoff, Lohlein - and 
Schlayei,'^ denied its existence Aschoff contended that a complete 
sepal ation of nephiosis fiom nephiitis is not wan anted because of the 
histologic changes in the kidne> He stated that most of the cases of 
nephiosis tuin out to he cases of chionic glomei ulonephi itis Lohlein - 
supported the idea that so-called lipoid nephiosis is the sequel to ante- 
cedent glomei Lilonephritis, although he had the op])oi tunit} of examining 
a kidney fiom a patient wnth lipoid nephiosis in which theie w^as no 
conclusive CMdence of pieceding glomei ulitis Munk,* who suggested 
the teim hpoid nephiosis, w'as also lesponsihle foi the theoi) that the 
changes in the kidney aie secondar\ to a geneial metabolic distuihance 
affecting cholesterol metabolism The teim nephiosis was adopted h\ 
X’olhaid and Fain ** to include the degeneiativc diseases of the kidiic} 
as distinct from the inflammatoiy diseases Its populaiity giew lapidh 
until It has now become well established and its position m the classifica- 
tion of Bright’s disease is secuie 

In England the teim has not been accepted as geneialh as it has 
in Geimany and Ameiica, }et Bennett-* has concluded that hpoid 
nephiosis exists Gainshoiough said he found no justification foi 
legarding it as a sepaiate entity, because he saw that patients consideied 
clinically to have hpoid nephrosis show ed the f eatui es of chronic glomei u- 
lonephiitis at autopsy In his opinion theie is no dniding line between 
the tw^o conditions, hut he has concluded that the teim nephiosis 
ma\ be conveniently used to desciihe ceitain sjndiomes of nephiitis 
In the opinion of Shaw Dunn,*® in tjpical cases of nephiosis the 
glomei uh maj piesent onlj slight histologic changes It is difficult to 
say wdiether such authoiities as Lohlein - and Fain *- w^ould consider 
the glomei uh completel} noimal, jet it appeals doubtful to man^ 
wdiethei changes so slight and elusne can possess much pathogenic 
significance, especiall)'’ when tuhulai lesions aie much moie pronounced 
Aftei caieful anal) sis of 9 cases Shaw Dunn concluded that nephiosis 
IS piohably a subdivision of subacute glomeiiilonephiitis 

22 Hitzrot, L H , and Read, W T , Jr Clinical and Pathological Studies; 
in a Case of Puie Lipoid Nephrosis, Am T AI Sc 185 233, 1933 

23 Schlavei Ueber die Nephrose, iled Klin 14 53, 1918 

24 Bennett T I Nephrosis Lancet 1 115, 1931 
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Ihe difteientiation of lipoid nephiosis from chionic glomeiulo- 
nephiitis in this couiiti} seemed to be fairh well established until Bell '' 
111 1929, began to cast doubt on its mdividuabti He was tlie chief 
sponsor of the idea that all patients wntb puie bpoid nephiosis show 
some degree of glomerulitis and that the disease altects the capiilaiies 
of the glomeiular tuft This opinion is based on the fact that witli 
special technic a decided thickening of the basement membrane of the 
capillaries and an mciease in the numbei and in the size of the endo- 
thelial cells in the glomerulai tuft can be found aftei most likeh , an 
initial injun to the glomeiulai capillaiies b} some toxic agent He 
concluded that hpoid nephiosis is to be legaided as a foim of glomeiulo- 
nephiitis in wdiich the glomeiuh aie damaged but then capillaries aie 
onh paitially destio}ed, so that the} continue to function and tubular 
atiophy docs not occui 

The w^eight of Chiistians ' opinion caused man} clinicians to accept 
tlie position that hpoid nephiosis is only a stage m the couise of glom- 
eiulonephiitis Aftei a review of his laige clinical expeiience he con- 
cluded that the teim might be useful to designate a s}ndiome but that 
the condition is not a definite pathologic entit} He stated that theie 
have been few clinical lepoits which show" the ultimate outcome m cases 
of so-called hpoid nephiosis 

Clinical and patliologic m\ estigation led Blackman also to conclude 
that hpoid nephiosis is a foim of difituse nephiitis with paiticulai 
clinical and anatomic chai actei istics This condition ma} peisist foi 
long peiiods, at least in childien, without the development of the destiuc- 
tive lesions in the majoiit} of the glomeiulai tufts wdiich multiply 
piogiessively duiing the couise of subacute and chionic glomeiulo- 
nephiitis Blackman collected evidence fiom classic examples desciibed 
in the hteiatuie and fiom 10 cases of his owm to show that nephiosis 
IS a paiticular form of diffuse nephiitis in which microscopic hematuiia. 
anemia, slight eleA’-ation of the blood piessuie and a high nonpiotem 
mtiogen content of the blood may all be found The histologic lesions 
111 the kidney consist chief!} of certain diffuse changes m the epithelium 
of the glomeiuh and tubules identical w"ith those w"hich may occui in 
ail} foim of nephiitis He emphasized that no changes m the glomeiulai 
capillaiies can be iccognized to account foi the exaction of albumin 
in the mine The most important histologic distinction between nephio- 
sis and nephiitis is the lack of coagula containing fibrin w"ithm the 
glomeiular capsule in nephiosis In the absence of these, clot organiza- 
tion and seal tissue formation, wuth the degeneiation of the glomeruli 
and piogiessive lenal insufficiency do not occui The mechanism 

25 Blackman, S S Ji On the Pathogenesis of Lipoid Xephrosis and Pio- 
giessne Glomerulonephritis, Bull Johns Hopkins Hosp 57 70, 1935 



372 


ARCHIVES Of INTERNAL MEDICINE 


responsible foi this clifteience in the two diseases has not been 
determined Blackman concluded that theie is no evidence that hpoid 
nephiosis is a metabolic disease 

The data foi appi oximately 160 patients at the Mayo Clinic who 
piesented the “nephiotic syndrome” weie leview'^ed by Bannick In 
30 cases a diagnosis of hpoid nephiosis was justified at the time of 
enti y Most of the patients wei e follow^ed after leaving the clinic Seven 
weie apparently cuied, 9 desciibed their condition as “fine,” but laboia- 
toi} data w^eie not given, 4 weie maikedly improved but not cuied, 
2 w^ere bettei but had glonieiulonephiitis , 1 showed no impiovement, 
and 7 died, appaiently wuth chionic glomeiulonephiitis Bannick 
stated the belief that the insidious onset of hpoid nephrosis wuth the 
high piopoition of patients who have had it foi >eais makes the clinical 
couise difleient fiom that of oidinaiy nephritis and piovides a basis 
foi the theoiies ot those wdio claim that it is a distinct entity I'le also 
stated that this aigunient is easil)’^ met w'lth one based on the fact that 
m some of these cases definite glomeiulonephiitis develops and the 
patient dies in uiemia If glomeiulonephiitis can be pro^ed to have 
developed in 7 of 30 cases of hpoid nephrosis, theie must be an intimate 
1 elation betw een the tw'o conditions He concluded, how e\ ei that irom 
the clinical standpoint theie is justification foi sepaiating a gioup of 
patients w'lth hpoid nephiosis from those with oidinarj’- nephiitis in 
01 del to claiif) the pioblem of the lenal pathologic and plnsiologic 
status in geneial Bo}d,-’ too, said he legaided nephiosis as a foim 
of glomeiulonephiitis m w'hich the glomeiular capillaiies aie damaged 
but not completel} obscuied 

It must not be thought, how e^ er, that all authoi ities have i epudiated 
the concept that nephiosis is a disease distinct fiom glomerulonephiilis 
Leitei said “In its piimai} uncomplicated foim this syndiome is 
known as nej^hrosis and is a laie disease The laiity of the disease is 
no justification for the denial of its existence ” He emphasized the 
keynote of the difficulty m difteientiating nephiosis fiom glomeiulo- 
nephntis wdien he said, “The nephiotic type of glomerulonephritis can 
mimic down to the last detail the entiie clinical complex of signs and 
symptoms of nephrosis ” 

In an after-stud}^ of hpoid nephiosis Majoi -® jjiesented 6 cases 
Two of the patients died, both showing at autopsy maiked evidences 
of chronic glomeiulonephiitis Thiee aj^paiently made a complete 

26 Bannick, E G Lipoid Nephrosis and Its Relation to Glomerular Nephritis, 
JAMA 102 172 (Jan 20) 1934 

27 Bo}’^d, W The Pathology of Internal Diseases, Philadelphia, Lea & 
Febiger, 1932, p 437 

28 Major, R H After-History of Lipoid Nephrosis, Am J !M Sc 191 46, 
1936 
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ieco\er} and ueie obsei\ed over a long enough peiiod to substantiate 
the clinical diagnosis 

Fiom the clinical standpoint Stone'''* said he behe\ed theie is ample 
leason to letain the identity of this little kiiovn hpoid foini of Blight’s 
disease, since it is distinguished from othei mam types b} ceitain 
paiticulai featuies Stone stated that about 20 per cent of the patients 
with lipoid nephiosis ma}' recover aftei a peiiod of imahdism lasting 
fiom a few^ months to a yeai oi moie In about 20 pei cent death wall 
occur fiom exhaustion or malnuti ition, and 50 to 60 pei cent will die 
fiom terminal sti eptococcic oi pneumococcic peiitonitis Aftei a com- 
paiison of Stone’s expeiience wuth om own it appeals that the piognosis 
w^as much bettei in oui senes 

o Shapiio^** has emphasized his belief that puie hpoid nephiosis does 
exist and has cited a case in which there was no evidence of glomerulo- 
nephiitis He said he believed that even if some glomeiulai changes, 
such as sw'elhng of the epithelium of Bow^man’s capsule and hpoid 
degeneration of the glomeiular tufts, aie noted, a degeneiative lathei 
than an inflammatoiy piocess is signified and, fuitheimoie, that the 
finding of an occasional glomeuilus showing a definite inflammaton 
leaction does not constitute the pictuie of glomeiulonephiitis 

Five patients presenting the clinical signs of the nephiotic syndiomc 
w'eie lepoited on by Landis and Elsom By using the Addis method 
they pointed out that 3 showed no clinical signs of glomeiulonephiitis 
and excieted from 200,000 to 800,000 eiythrocytes in tw’elve houis 
and 2, with clinical signs of subacute glomeiulonephiitis, excieted 
4,000,000 erythrocytes m tw^elve houis 

Aftei stud 3 ang vaiious foims of nephritis Teibitiggen^- concluded 
that hpoid nephiosis exists as a disease entity Fie lepoited the case 
of a boy aged 3 eais who died of pneumococcic peiitomtis At 
autops 3 " the glomeitili showed no adhesions of the capillaiies, and the 
endothelial cells in onl 3 ' a few^ loops weie swmllen Paiticular attention 
w^as paid to the basement membiane of the capillaiies, but widening 
and swelling could not be demonsti ated with oidinai 3 f or special azo 
stains There weie no moiphologic changes that were t 3 ^pical of glom- 
ei ulonephiitis He said he did not believe that there is a primary 
glomeiulonephiitis but that a toxin inci eases the peimeabilit 3 ' of the 
glomei ulai capillai les 

29 Stone, \V J Bright’s Disease and Arterial H 3 ’'pertension, Philadelphia, 
W B Saunders Compan)’’, 1936 

30 Shapiro, P F Lipoid Nephrosis Pathology', Genesis and Relation to 
Amvloidosis, Arch Int IMed 46 137 (Juh) 1930 

31 Landis, E IM , and Eisom, K A The Nephrotic Sjndrome in Adults, 
Internat Clin 1 1, 1937 

32 Terbruggen, A Degeneiation, Speicherung und Xephrose, Kim Wchn- 
schr 14 1305 and 1345, 1935 
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111 the opinion of Matthew and Cameion the piiman lenal change 
in hpoid nephiosis is the iiici eased peinieability of the capillaiy nicni- 
hiane which allows substances of unusually laige nioleculai content to 
escape fioiii the blood They suggested, too, that nephiosis is iiieiel} 
s}phihs of the kidney 

Elias said he lecognized the existence of lipoid nephiosis anatonii- 
cally I-Ie concluded that it is due to some chioiiic infectious disease 
such as syphilis, inalaiia oi tuliei culosis 

Among the lecent publications of gieat impoitance on the sulijcct 
of hpoid nephiosis is the aiticle b\ Randeiath He obsei\ed that the 
glomeiulai epithelial cells show cloudy swelling oi In aline degeneia- 
tion in addition to thickening of the basement memlnane ot the capil- 
laiies A'aiious loops of the glomeiuli aie aftected m latei stages, ani^ 
widening and swelling of the capillan wall of the glomeiuli and the 
paiietal coveiing of the capsule aie seen Theie may also be hyaline 
clumping of the glomeiulai loops In summaiizing, Randeiath said 
that the piimaiy change m hpoid nephiosis is inci eased peimeabiht} 
of the glomeiulai capillaiies, occuiiing with oi without demonstrable 
damage to the capillaiy wall and leading to secondaiy changes in the 
tubulai epithelium and glomeiuli 

A lecent leview’’ of the question of lipoid nephiosis b} Fain is also 
niteiesting Fle has emphasized again that tine hpoid nephiosis is 
fundamentally difteient fiom glomeiulonephiitis and that although theie 
is difficulty in difteientiatmg between the two conditions, the belief that 
they aie distinct is giowung The lesions in the glomeiuli aie not 
inflammatoiy and aie best desciibed as indicative of “chronic glomeiulo- 
nephi osis ” 

Analysis of oui 9 cases has led us to believe that hpoid nephiosis is 
fundamentally difteient fiom glomeiulonephiitis and that patients in 
whom nephiitic symptoms develop nevei have had true nephiosis 
Histologic examination in 2 cases show'^ed the chaiacteiistic features of 
hpoid nephiosis Theie weie no evidences of inflammation m the 
glomeiuli, but degeneiative changes weie seen m the endothelial and 
epithelial cells of the tuft Obviously we w^eie unable to deteimine 
whethei oi not thickening of the basement meinbiane might develop 
latei as emphasized by Fain 

We agiee wnth those authoiities wdio say that nephiosis is often 
simulated by chionic glomerulonephi itis but that the primal 3 '^ foim of 
the disease is seldom seen The lack of autops}" mateiial, how'evei, has 

33 Matthew, E, and Cameron, JDS Chionic Nephiosis, Edinbuigh 
M J 40 569, 1933 

34 Elias, H Ueber Nephrosen, Wien klin Wchnschi 48 1177 1935 

35 Fahr, G What Is Lipemic Nephrosis^ Am J M Sc 194 449, 1937 
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given an exaggeiated view of its rant} because most j^atients icco\ei 
We have concluded that the slight changes occuinng m the gloineiuh 
are not inflammatoiy and do not indicate glomei ulonephi itis Xot- 
wilhstanding the diffeiences of opinion legarding the significance of 
the minimal lesions, the fundamental fact lemains that patients with 
such lenal changes show’^ a veiy difteient couise from those with true 
glomei ulonephi itis In spite of all the aiguments achanced b\ those 
w^ho have gnen this control eis} caieful consideiation, we bche\e that 
the distinctive course and the favorable piognosis aic sufficient giounds 
for letammg the teim nephiosis in the classification of Blight’s disease 

A factoi of fundamental impoitance in the clinical stud} of any 
toim of Blight’s disease is the length of time the patient has been 
obsened Lipoid nephrosis, more than any othei foim of Blight’s dis- 
ease emphasizes that a long, detailed study and propei e\aluation of 
signs and symptoms aie necessary^ foi an accuiate diagnosis 

Oui pill pose in repoiting this senes of cases is (a) to show b} 
histologic and piolonged clinical study that hpoid nephiosis is difteient 
fiom chionic glomerulonephiitis with the nephiotic symdiome and that 
theie IS justification on clinical giounds alone for this distinction, (b) to 
establish lipoid nephiosis as a clinical and pathologic entity, in ordei to 
aiouse fuithei investigation into the cause of the hy peipeimeabihty of 
the glomei uh for piotein, the pioduction of edema and the abnoimal 
metabolism of cholesteiol in these cases, (c) to show^ the piactical ini- 
poitance of the fact that patients wuth hpoid nephiosis lecovei while 
those wuth chronic glomei ulonephi itis usually do not, and (d) to piesent 
a clinical study with piolonged obseii'^ations and histologic examina- 
tions wdiich ma} help to claiify some aspects of the contioieisy and 
may help to establish the individuality’’ of hpoid nephrosis 

In this lepoit 9 cases of genuine hpoid nephiosis aie piesented and 
discussed Two patients died and weie studied post moitem, 6 lecoieied 
completely^ and 1 is undei obseivation The period of study of these 
patients vaiied fiom thiee months to fifteen yeais Most patients weie 
observed longei than seven jeais 

The histologic examination of the kidne}s of the 2 patients studied 
post moitem failed to show evidences of chronic glomerulonephiitis 
Degeneiative changes chaiacteiistically desciibed as features of lipoid 
nephiosis weie piesent In 1 case the special staining methods of Bell 
were used, and not e\en thickening of the basement membiane of the 
capillaries w^as observed 

A leview' of the theoiies of many of the piominent clinicians and 
pathologists w’ho haie made a study' of hpoid nephiosis is gnen It is 
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pointed out that the fundamental change in hpoid nephiosis is the hyper- 
permeahihty of the capillaiies of the glomeruli This functional disordei 
IS associated with piofound alhummuiia followed b\ geneiahzed edema 
VVhethei oi not this functional deiangement is followed b} a structuial 
alteiation is a pioblem to he detei mined in the futuie A satisfactoi} 
explanation is lacking foi this hypei pei meabihty 

This lepoit tends to suppoit the mcw'’ that there is justification foi 
the distinction betw'een hpoid nephiosis and chionic glomeiulonephiitis 
We believe that theie aie ample giounds foi this because of the favorable 
pi ognosis m hpoid nephi osis as coiiti asted w ith the pooi one m chronic 
nephiitis We conclude fiom oiii clinical and pathologic studies that 
although hpoid nephrosis is a laie disease compaied wnth chionic 
nephritis, theie is sufficient leason foi maintaining the distinction of 
hpoid nephiosis in the classification of Blight s disease 



THROMBO-ENDOCARDIIIS IN RABBllS 

A KnW DISEASE DUE TO AN INERAMRUS ( '') 

GIUSEPPE AXDREI MD 

AM) 

PAOLO RWEXNA MD 

TURIN’, ITAL\ 

TR\NsL\TrD v\ Rich \UD Kfmfi, MD, Ciiic\co 

Dining the last fiie teais. In means of numerous experiments which 
have been lepoited sepaiateh in Italian leMews,’ we have fully clesciibed 
fiom the anatomic, bactei lologic, macioscopic and micioscopic stand- 
points a new disease that can be caused m rabbits In sexeial expeiimental 
piocedtires 

We shall heie summaiize biiefl} wdiat we haie obsened and deduced 
fiom otu expel inients as to the nature and genesis of this new disease 
The staitmg point of otu experiments was an attempt to tiansmit the 
infection wdiich is the cause of iheumatic feiei m man to young labbits 
by injecting blood fiom infected persons We noted that an endo- 
pciitoneal injection of 5 to 10 cc of infected blood, fleshly taken fiom 
the vein and unchanged b} the addition of anticoagulant agents, fie- 
queiith caused in the labbit a morbid piocess, consisting essentiall} 
of thiombo-endocaiditis, the moipliologic featuies of wdiicli wull be 
desciibed later 

We obtained the same lesult, although less fiequently, b\ using 
blood fiom 110111 heuiiiatic peisons, and this made us doubt the possibility 
of liaMiig transmitted the rheumatic infection fiom man to animal As 
a niattei of fact, subsequent experinieiits showed that the blood of 

From the Department of Clinical jMedicme, the Universiti of Turin, Prof 
F Micheli, director 

1 Andrei, G and Raienna, P (a) Experimental Researches on the EtioIog\ 
and on the Pathogenesis of Rheumatic Fe\er, Acta rheumatol 6 12 (Dec) 1934, 
(b) Ricerche sperimentah sulla eziologia e sulla patogenesi del reumatismo artico- 
lare aciito, Riv di idrochmat , talassol c terap fis 46 166 (April) 1935, (c) 
Ricerche sidle infe/ione focah La qiiestione del tropismo elettuo degh strepto- 
cocchi. Boll d 1st sieroterap milanese 13 229 (April) 1934, (d) Ricerche sidle 
infezioni focali La produzione spenmentale di lesioni simdi a quelle del reuma- 
tismo articolare acuto, ibid 13 804 (Oct ) 1934 (r) Ulteriori ricerche sull’ezio- 
patogenesi del reumatismo acuto e dcU’cndocardite spenmentale del coniglio, 
ibid 14 713 (Aug) 1935, (/) Sulla natura ed il sigmficato della tromboendo- 
carditc spenmentale del coniglio ibid 16 138 (March) 1937 
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healthy labbits, normal and steiile hoise semm and unskimmed and 
sterilized milk also, when used m the same mannei, aie likely to cause 
the disease in a numbei of cases 

TECHNIC 

From 15 to 30 cc of blood was drawn directly from the bend of the elbow 
and immediately injected wnth the same svrmge into the peritoneal cavity of 
thiee or four rabbits in doses of from 5 to 6 cc for each animal, wnthout the 
use of any anticoagulant agent When blood is quicklj^ withdrawal and injected 
there is no time for it to coagulate If rabbit blood in about the same amounts 
IS obtained from the heart and injected directly, it is advisable to draw' the blood 
in a syringe containing a small quantity of sodium citrate, as otherw’ise coagula- 
tion wall occur quickly 

The horse serum used was the usual commercial serum contained m sterile 
ampules for injection, the dosage w'as practically the same as that used in 
the case of w'hole blood 

The blood filtrate w'as obtained by a special procedure, as we washed to filter 
the whole blood, not just the serum and the plasma, which, as is well knowai, 
are generally less rich in bacteria than is whole blood Also the plasma obtained 
bj strong centrifugation may he poorer in bacteria than is whole blood 

As far as is knowai, a total blood filtrate cannot be obtained, because the red 
blood cells obstruct the pores of the filter, neither can hemolyzed blood be 
filtered, since the stroma wall act m the same manner Therefore, to the blood 
rendered noncoagulable by the addition of 2 cc of a 15 per cent solution of 
sodium citrate for each 20 cc of blood, an equal amount of sterile physiologic 
solution of sodium chloride was added Centrifugation at low' speed w'as carried 
out for a few minutes m order to precipitate most of the red blood cells but 
not the white blood cells Then the supernatant fluid, w’hich was still rather 
thick, W'as collected and filtered thiough an La Chamberland filter By repeat- 
ing the same procedure several times W'e thought that w'e obtained the hypothetic 
1 irus of the blood in the resulting fluid The blood w'as filtered w'lth Martin’s 
apparatus, a suction of not over 60 cm of mercury being used The efficienc\ 
of the procedure w'as continually controlled bv the addition of Bacillus prodigiosus 
according to the usual bacteriologic technic, for m this manner the filtering of 
the fluid IS accomplished more quickly The filtrate obtained from 5 cc of 
blood W'as injected into each rabbit, and tw'o rabbits received injections at the 
same time of the same material 

For another series of experiments we made use of a suspension of endocarditic 
\egetations To obtain the suspension w'e proceeded as follow's With a per- 
iectly sterile technic, the thorax of the animal w'as opened as soon as it had 
been killed The heart was removed and placed in a Petri dish Then it w'as 
opened, and so far as possible contact with air w'as avoided If endocarditic 
lesions w ere found, the valves and the thrombotic vegetations w'ere removed, imme- 
diately triturated m a sterile mortar and suspended m a small quantiti of sterile 
pbvsiologic solution of sodium chloride, to be injected into the peritoneal cavity 

For our experiments w’e always made use of young rabbits, aged 30 or 45 
davs, but we w'onder w'hether such a condition w'as essential However, this was 
the starting point of our experiments, since w'e thought that young animals, which 
had neier been used previously by other investigators, should be more sensitive 
to the hvpothetic virus in question Since we obtained positive results with young 
rabbits, we did not think it advisable to use old rabbits also, instead, w'e tried to 
work out more important details 
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As ^\II1 be shoun later, positne results were obtained with a number of 
animals w'hich had each recened an injection about three weeks before, lesions 
ot endocarditis were observed onlj'- exceptional h before this time Nevertheless, 
we waited usualh four to six w'eeks before killing the animals, since in this 
manner gross lesions were obtained 

Through transmission serially wc obtained positne results using the blood 
and the endocarditic \egetations remo\ed from animals which had been inoculated 
one or two months previously The animals that had received injections were 
isolated with great care in eight different compartments We did not think it 
a sufficient guarantv of isolation to put them m different cages, although main 
iron cages were at our disposal which could have been perfectlv stenhred 

ANATOMIC DESCRIPTION 

The most important form of the disease was thrombo-endocaiditis 
usuall} clear!} evident although of varying intensit} , aftecting the right 
side of the heart, especially the tricuspid valve, and sometimes the walls 
of the ventricle and of the auricle, the tendinous cords and the papillaiv 
muscles Lesions of the left ventricle vv^ere rarei, and only the mitral 
valve and its tendinous cords were ever involved The most important 
lesion consisted of veriucous, gra}, reddish gray or rose-colored thrombi 
which adhered tenaciouslv to the underl}mg tissue and were friable 

Macroscopicall} , the valves did not show any alteration other than 
an occasional gelatinous aspect, more usually of the mitral valve Micro- 
scopicall}, the thromhi looked like white thrombi, having a stratified 
stiucture like that of a sand bed, vvdnch sometimes alternated with a 
la}er of red thrombi The substance forming them had either a fine 
leticular or homogeneous appearance, it stained w^ell with eosin, it did 
not always respond to Weigert’s test for fibrin and it usuall} contained 
a small number of white blood cells, mostly lymphocites or polymorpho- 
nuclear pseudo-eosmophils 

The microscopic changes in the v^alves were rather scant} , more 
often than not the valve was thinner without an endocardium m the 
part where the thiomhus adhered, while at othei times it was thick, 
with an edematous appeal ance 

The classic featuies of inflammation were nearh alw'a}s absent, 
since, as is now well known, exudation of seium is considered b} modem 
pathologists as the chief or the only evidence of inflammation 

Sometimes we noted slight Inperplasia of the valvulai tissue, with 
some formation of blood vessels and with a considerable proliferation of 
the endocardium so as to foim a vegetation on the valves, vvflnch was 
seen at a glance to be granular In one of the few cases in which we 
kept the animal alive many months after the injection we observed scle- 
rosis affecting the mitral valve and a tendinous cord extending down 
to the corresponding papillar}' muscle the newh formed connective 
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tissue still bad the features of joung tissue and showed coiisideiable 
parvicellular infiltration 

The myocaidium often lemained exempt fiom lesions, and only 
m a few cases did ^\e observe small nodulai oi diffuse infiltiations, 
constituted neaily always of elements of a lymphocytic type and of some 
polymoiphoiuicleais, although epithelioid and plasma cells and lare giant 
cells sometimes weie present The musculai fibeis when the infiltia- 
tions w'ere small w’eie only dissociated, but if the nodules w^eie laige 



Fig 1 — Endocarditic lesions (right ventricle) resulting from the injection of 
blood from a patient with iheumatic fe\er The rabbit was killed si-vtj'-three days 
after the intraperitoneal injection of 5 cc of blood 


they also showed legressne changes which might leach h3^aline degen- 
eration and necrosis Howetei, we noted substantially similai lesions 
also in the m30caidium of labbits which had undeigone diffeient tieat- 
ment, for instance, those wdiich had been given injections of stiepto- 
coccus cultuies in the course of the expeiiments on focal infections^ 
Theiefore. W'e do not think that these lesions stand in strict i elation 
to the endocaiditic lesions consideiing the larity and lack of parallelism 







Fig 2 — Slightly enlarged photomicrograph of a section of a large thrombus 
on the tricuspid valve of a rabbit killed forty-four days after the injection of 
blood from an endocarditic rabbit Note the scantiness of the cellular elements 
contained in the thrombus and the thinness of the part where the thrombus 
adheres Hematoxylin stain 



Fig 3 — Slightlj enlarged photomicrograph of the insertion of a tendinous 
cord into the edge of the tricuspid lalve of a rabbit which died twenty-three 
days after the injection of blood from an endocarditic rabbit Note the hyper- 
trophy and h 3 ^perplasia of the connective tissue and the great proliferation of 
the endocardium, which has formed granular elements, visible at a glance, on 
the suiface of the vahe Hematoxylin stain 
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between the degiee of development of the two kinds of lesions and the 
fact that similar lesions have been observed with gieat fiequenc} h}^ 
Millei m cases of spontaneous disease 

The macroscopic and microscopic lesions were always and exclusively 
confined to the heart, A\e never found an\ lesions m the othei visceia 
except lesions of coccidiosis, the piesence of which had no relation to 
the cardiac lesions The ai ticulations were not mvohed except foi 
thickening of the leticulohistiocytic layer of the synovial membrane 
similar to that occurring m iheumatic arthiitis of man and sometimes 
also in nonendocarditic animals, being without specific chaiacter 

BACTERIOLOGIC EXAMINATION 

All samples of mateiial injected (e g blood, milk and seium) weie 
constantly found sterile when placed in common mediums 

The bactenologic examination of the heait, circulating blood, pim- 
cipal Mscera (hvei, kidney and spleen) and articulations of animals 
aftected ^\lth endocaiditis constantly gave negative lesults 

Oui macioscopic apd micioscopic anatomic desciiption and oui bac- 
teiiologic lesults have been full> confiimed b} the contiol leseaiches 
that Chini has recently published 

PATHOGENESIS OE TIIROMBO-ENDOCARDITIS 

From the morphologic and bactenologic features mentioned it 
appeals that we aie dealing with a disease that has not yet been described 
as present m labbits, either as a spontaneous disease oi as one caused 
by means difteient from the ones which aie likely to pioduce it thiough 
a well known and essentiall}' bacterial action Although spontaneous 
endocaiditis has nevei been obseived in labbits, as stated also in Jaffe’s - 
lecent tieatise, it was necessary to ascertain whethei our rabbits might 
not be an exception Therefoie since in Ine labbits it is impossible 
to detect the existence of endocaiditis, which is not lerealed even b} 
alteiations of nutrition oi by diminution of giowth, we examined manr 
contiol animals For each senes of expeiiments some of the animals 
fiom the same bleeding faim w'^ere employed m the leseaiches, wdiile 
othei s, wdiich had undergone no tieatment, were examined at once oi 
aftei a ceitain lapse of time 

Of this group of controls, 180 weie examined, some weie examined 
on then aiiival fiom the breeding farm but most of them after a few 
months’ sta}^ in compaitments m which no case of endocarditis had 
}et appealed, so that they could be consideied as not }et infected 

2 Jaffe, R Anatomic und Pathologic dcr Spontancrki ankungcn der klcinen 
Laboratoriumsticrc (Kaninchcn, Mecrschweinchcn, Rattc, Mans), Bcilin Julius 
Spnngci, 1931 
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Endocarditis was found in only 4 animals, strictly speaking, in 2 
cases It should be considered as spontaneous, the othei 2 animals weie 
kept foi several months in cages that, having been occupied by a numbei 
of endocarditic labbits, could be considered infected, as will be seen 
fiom what will be stated later It follows theiefore that endocaiditis 
in the animals we used appeared spontaneously only with extieme rant) 

The same conclusion may be deduced fiom some other observations 
Of 263 rabbits which had undergone the various piocedures likely to 
cause endocaiditis and which had died within thiee weeks after the 
injection, only 3 showed endocaiditic lesions, while of the 441 that 
lived longei, as many as 163 were endocaiditic This fact, besides 
having the aforementioned meaning, has enabled us to infer that the 
time necessaiy foi the appearance of endocaiditis exceeds thiee weeks 
aftei the injection 

Lately Chini, one of those who have undei taken the control study 
of oui lesults, has advanced the suggestion that the incubation time 
may be even shorter, about four to eight days We cannot exclude 
the fact that this may happen also if some conditions affecting the 
rabbits and the virulence of the hypothetic viius are varied, but in this 
case these facts, as well as the attempts at tiansmission, have not yet 
been demonstrated, since, owing to the particular conditions under which 
Chun’s experiments were made, it is possible that the animals in which 
endocarditis was noted after a few days weie spontaneously affected 
with the same disease even befoie the injection was given Most of 
the rabbits came fiom a small breeding place where, as Chim himself 
demonstiated, the disease occuried spontaneously with great frequency 

Owing to the modalities of the provoking tieatments which we 
earned out, chiefly the injection of sterilized milk, we could reject the 
hypothesis that the disease m rabbits is to be asciibed to a pathogenic 
agent contained in the injected material Therefore only two hypotheses 
weie left for consideration in interpreting the observed facts (1) that 
endocaiditis might be ascribed to infectious agents preexisting in the 
animal and activated by the experimental treatment and (2) that the 
disease might be asciibed directly to the chemical or chemicophysical 
action of the injected material 

A physical oi chemicophysical etiology appeared haidly probable at 
fiist sight, because nothing similar has ever been ascei tamed after such 
treatments by hundieds of careful reseaich woikers, so it was logical 
to consider the influence of some other factor which perhaps was not 
common to all the rabbits Therefore, subsequent leseaiches were made 
so as to bring into evidence the infectious nature of the disease, which 
seemed the most piobable factoi 
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In view of this hypothesis the most complete isolation was main- 
tained for the development of further researches, as has been stated 
111 the description of our technical procedure 

The first experiments consisted of injecting whole blood and blood 
of endocarditic rabbits filtered through an L 3 Chamberland filter, and 
these yielded widely positive results Seventy-two of the 118 rabbits 
were affected with endocarditis (we include here and later only animals 
which either died or were killed more than three weeks after the injec- 
tion) However, this type of experiment has no absolute meaning, 


Table 1 — Summary of Data " 


Rabbits Which Rabbits Which 

Died More Than Died Within 
3 Weeks After 3 Weeks After 



Injection 

_ JL 

Injection 

A 


f 

No of' 

/ 

No of' 


Total 

Endo 

Total 

Endo 


No of 

carditic 

No of 

carditic 

Injected Material 

Rabbits 

Rabbits 

Rabbits 

Babbits 

Blood from patients with rheumatic fever 

105 

43 

35 

3 

Blood from patients not affected with rheumatic fever 

115 

21 

28 

0 

Blood from healthy men 

5 

0 

12 

0 

Blood from endocarditic rabbits 

00 

54 

44 

0 

Blood filtrate from endocarditic rabbits 

28 

18 

12 

0 

Blood from healthy rabbits 

18 

2 

16 

0 

Suspension of endocarditic vegetations 

10 

4 

8 

0 

Normal sterile horse serum 

18 

5 

22 

0 

Sterilized unskimmed milk 

52 

10 

28 

0 

Streptococcus cultures (injected intratenously) 



58 

Ot 

Totals 

441 

163 

263 

3 


* Ot 180 rabbits which received no treatment, 4 appeared to be afiectedi with endocarditis 
It should be noted that 2 of these 4 rabbits had been 1 ept a long time (several months) in a 
compartment that was supposed to be infected 

t The 6 rabbits with polypous endocarditis observed in this group of animals are not 
mentioned here, because their condition was entirely difierent from the endocarditis in 
question For the description of the morphologic picture reference should be made to our 
work, entitled “La qucstione del tropismo elettuo degh streptococchi " 


because the result may be ascribed, in the absence of a virus in the 
injected material, to the mechanism set in action by the injection of 
sterile milk In order to avoid this objection, we attempted to transmit 
the disease by means of small quantities of material rich m virus, such 
as the endocarditic vegetations Four of 10 rabbits shoAved evident 
endocarditis after injection into the peritoneal cavity of a suspension in 
physiologic solution of sodium chloride of the vegetations from two 
hearts, removed by a perfectly sterile process 

A subsequent series of experiments was carried out m order to 
ascertain whether the disease, once induced, could be transmitted spon- 
taneously to other animals We were led to this attempt also by the 
observation of a few cases of endocarditis m rabbits that had been 
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kept a long time in compartments and cages in which endocarditic 
rabbits had previously been kept For this purpose we inoculated some 
rabbits with either human blood or milk, then we immediately put 2 
inoculated and 2 noninoculated rabbits in each cage In this manner, 
allowing for a three week incubation period for the disease after the 
inoculation, allowing several days for the hypothetic spontaneous spread 
of the disease from the infected rabbits to the others living m the same 
cages and estimating the time necessary for the disease to develop in 
the latter animals as twenty-one days, we could foresee that theoretically 
the infection could not be manifested until fifty days or more after 
the experiment was started In fact, of 19 animals which had not been 
given injections but which had been kept in a cage with endocarditic 
rabbits for not less than fifty days, as many as 8 were affected with 
grave thrombo-endocarditis , while of the 16 that had lived for a shorter 


Table 2 — Attempts to Tiansmit Endocaidtits Spontaneously 



Total 

Endo 


No of 

carditic 


Babbits 

Animals 

Rabbits which had remained more than 50 days m a cage with endocarditic 

animals 

19 

8 

Rabbits which had remained less than 50 days in a cage with endocarditic 

rabbits 

16 

0 


time, none seemed to be diseased At the same time some other rabbits, 
although they had been given injections, did not appear to be affected 
later with endocarditis, and none of several rabbits living m common 
with them seemed to be diseased 

In this manner we obtained evidence that one of the following 
conditions is necessary for the appearance of endocarditis (1) the 
injection of specified material (for instance, human or rabbit blood, 
horse serum, milk or suspension of endocarditic vegetations) or (2) 
prolonged contact with other rabbits affected with endocarditis The 
conditions of life, feeding and other features common to all animals 
had no influence on the appearance of endocarditis 

CONCLUSIONS 

On the whole, the described experiments permit the following con- 
clusions 

It is possible to cause a disease not previously described in rabbits — 
thrombo-endocarditis — ^which shows rather characteristic clinical and 
anatomic features 

The means likely to cause the disease consist of an endoperitoneal 
injection of human or rabbit blood, horse serum or sterile milk We 
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have not excluded the possibility that a procedure diffeimg from ouis 
as to mannei of intioduction or as to the nature of the injected material 
may not produce the same result Foi five years this phenomenon 
was constantly obtained with lemarkable frequency m a number of 
rabbits coming from different breeding places m the province of Turin 
That an infectious disease was present was demonstiated by the 
tiansmission by injection of a minimal quantity of material (suspension 
of endocaiditic vegetations), rathei than by anatomic chaiactenstics, 
and mostly by the evidence of spontaneous infection from one animal 
to another 

The constant sterility of the blood and viscera of the affected animals 
enabled us to ascribe the disease to an unknown viius, probably an 
infravirus The latter must have been latent in the animals, because 
the disease was caused also by the injection of sterile mateiial, which 
evidently made the animals sensitive to the pathogenic action of the 
virus or directly increased the virulence of the virus 

In our animals the disease was almost always directly dependent 
on the treatment given, since the occunence of spontaneous endocarditis 
was demonstrated as being exceptionally rare in our animals 

It IS, however, possible that m other cases the disease may appear 
spontaneously with greatei diffusion when the animals contain a more 
active virus or are more sensitive to it , which means that m natui e 
conditions might be realized which in our animals were brought into 
action with technical aitifices This has lately been demonstrated by 
Chilli, who, m studying a laige number of animals foi several yeais 
with negative results, has observed that there is a small breeding place 
where endocarditis is spontaneous and frequent 

The whole problem reminds us of the problem centered about 
Miller’s number 3 virus As is well known, this virus was made evident 
by the injection of blood from peisons affected with rheumatic fever 
into the testicle of a rabbit and by successive rapid transmission from 
one animal to another, always by way of the testicle, until the appear- 
ance of the characteristic orchitis But in our cases the localization and 
the chaiacter of the lesions, the conditions of transmissibihty which 
revealed the persistence of the virus in each animal for a longer time 
and the existence of a longer period of incubation demonstrated definitely 
that Miller’s virus was not concerned 

The disease we have described piesents a twofold interest Fust, the 
possibility of Its appearance after various experimental treatments 
should be borne m mind by any one undertaking fuither study of the 
transmission of infectious diseases, as it may constitute a source of 
erior, especially on account of its anatomic similarity to the lesion of 
human rheumatic endocarditis, and, secondly, this disease constitutes 
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a new example of the phenomena of biotropism the study of which, 
just begun in experiment animals, will probably reveal unhoped for 
applications to human pathologic conditions 

SUMMARY 

We have desciibed a new disease of rabbits, thrombo-endocaiditis, 
which, although occasionally spontaneous, may frequently be caused by 
various forms of treatment, which may be transmitted from one animal 
to another either by means of small quantities of infectious material 
or spontaneously, and which has been ascribed to a -virus which is still 
unknown and is probably infiavisible 
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CINCINNATI 

Pneumococcic endocarditis is considered a relatively raie condition, 
although a review of the literature discloses numeious case reports of 
the disease Osier,’- Netter,- Preble,® Menetrier,^ Locke ® and Thayer ® 
have reported on series of personally observed patients or on collected 
reports of cases In 1927 Goldstein and Goldstein " i eported 8 cases of 
pneumococcic infection in which endocarditis was noted post mortem, 
although the cause of the endocarditis remained in doubt in several 
instances Subsequently, other authors ® have reported isolated cases 
or small groups of cases of pneumococcic endocarditis, the diagnosis 
having been made by inference, by bactenologic methods or by histologic 
stud)'- of the vegetation 

From the Department of Internal Medicine, University of Cincinnati 

Dr Ralph Johansmann, of the Department of Pathology, cooperated m this study 

Read in abstract before the meeting of the Central Society for Clinical 
Research, Nov 5, 1937 

This study -was made possible by a grant given m honor of Craig Yeiser by 
Mrs Lily A Fleischmann 
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The present report is based on a study of 19 patients with pneumo- 
coccic endocarditis, 17 of whom were observed b> me While the 
presentation deals laigely with the incidence, predisposing factors, clini- 
cal data, methods of treatment and necropsy observations, an attempt is 
also made to set up bactenologic and clinical criteria for the prompt 
diagnosis as well as the treatment of this disease 

The inference should be that acute endocarditis occuiiing duiing the 
course of lobar pneumonia should be considered pneumococcic in origin 
until proved otherwise Preble ^ found less than 6 per cent of exceptions 
to this dictum On the other hand, Locke ® found that more than 50 per 
cent of the cases of acute endocarditis occuri ing dm ing pneumonia wei e 
due to organisms other than the pneumococcus With impioved methods 
of culture and rapid identification of the pneumococcus, it is believed 
that these disci epancies will laigely disappear Locke’s dogmatic state- 
ment, “The final test should always be the actual demonstration of the 
pneumococcus in the valves,” not only is almost impossible of fulfilment 
but precludes the making of the diagnosis ante moitem Moreovei, the 
identification of pneumococci in the vegetations must rest on bacterio- 
logic rather than on morphologic evidence In 10 of the 15 cases in 
which autopsy was performed, the vegetations were cultured , each time 
the same pneumococcus was giown which was cultivated from the blood 
of the patient during life Lord pointed out the danger of contamination 
from the blood of bacteremic patients In addition, the following method 
was employed, which at least partially obviates the possibility of 
blood contamination The heart is preserved in solution of formaldehyde 
as usual , after varying intervals, portions of the vegetations are removed, 
washed thoioughly in sterile saline solution, maceiated and inoculated 
into blood broth This method has yielded pui e cultures of pneumococci 
in vegetations which had remained in preserving solutions as long as 
twenty-two months , m each instance the pneumococcus was of the same 
type as that detected in the body during life This finding is ceitainly 
more than a coincidence and lends suppoi t to the belief that acute endo- 
carditis occurring during the course of pneumococcic pneumonia with 
bacteremia is due to the pneumococcus lather than to some other organ- 
ism As further evidence that these endocarditides are due to the 
pneumococcus, gram-positive lanceolate diplococci were demonstrated 
in the vegetations histologically 

In view of the fact that there are potent serums available against 
sevei al types of pneumococci, it seems timely to set forth certain criteria 
which enable the diagnosis to be made and treatment to be instituted 
The persistent presence or the recurrence of pneumococcemia is pre- 
sumptive evidence of a purulent focus and is indispensable in sub- 
stantiating the diagnosis of endocarditis This alone, however, is not 
sufficient Embolic phenomena occurring in patients with pneumo- 
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coccemia are strongly presumptive evidence of endocardial damage 
The appearance of signs of valvular incompetence duimg diastole in the 
presence of bacteremia may be safely refeired to endocarditis (Pieble) 
Thayer also said he considered such signs as confirmatory Systolic 
murmurs must be evaluated much more carefully, for obvious reasons , 
the sudden appearance and peisistence of such a muimur should, how- 
ever, arouse suspicion of organic change These signs may not be 
present in every case , in fact, the application of these criteria permitted 
diagnosis of endocarditis in only 10 of the 19 cases reported Neverthe- 
less, such criteria did not lead to a mistaken diagnosis in a single 
instance 

Duiing the twenty-three month peiiod fioni Oct 1, 1935, to Sept 1, 
1937, 655 patients were admitted to the medical service of the Cincinnati 
Geneial Hospital with acute pneumococcic infection The lattei teim is 
used in pi eference to pneumonia, for in a few instances it was impossible 
to asceitam whether the endocarditis had pieceded or whether it had 
been a sequel of pneumonia, in others, bacteiemia was known to have 
existed longer than the necropsy indicated the pneumonic lesions had 
been present In this series of 655 patients the diagnosis of acute endo- 
carditis was made in 19 instances, either clinically or by pathologic and 
bactenologic methods Thus in this senes the incidence of endocarditis 
in acute pneumococcic infection was 2 9 pei cent In the hteratui e the 
incidence has been reported as varying from 0 06 to 2 per cent In 104 
of the 214 fatal cases necropsy was perfoimed, and in 15 cases (14 6 per 
cent) acute endocarditis was observed This incidence is much highei 
than that recorded by any author except Oslei,’^ who repoited 16 in 103 
necropsies Wherever clinical and neciops)' incidences are recorded, 
there is a gieat discrepancy in the figures, as noted in the present senes, 
and the impression cannot be escaped that pneumococcic endocarditis 
IS considerably more common than is usually supposed 

A considei ation of the relative fiequency of the etiologic agents of 
bacterial endocarditis tends also to show that the importance of the 
pneumococcus may have been undei estimated Dm mg the same twenty- 
three month period 46 necropsies revealed acute oi subacute vegetations 
on one or more valves, and in 15 cases the vegetations were proved to be 
due to the pneumococcus There was an additional instance of acute 
vegetative endocarditis, the patient dying of purulent meningitis (gram- 
positive diplococci) and empyema, but it is not included in this series 
because no bactenologic studies were made 

PREDISPOSING PACTORS 

Sex does not appear to have any importance as a predisposing cause 
In this series there were 14 males (73 8 per cent) and 5 females (26 2 
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per cent) This ratio prevailed almost exactly for the whole group of 
patients with acute pneumococcic infection, the figuies being 72 3 and 
27 7 per cent, respectively 

Likewise, race does not seem to be a factor Fifty per cent of the 
cases of acute pneumococcic infection occuried in the Negio race, and 
the mortality peicentage of white and Negro patients did not vary 
appreciably Ten of this series of patients with endocarditis were white, 
and 9 were Negroes 

Pneumococcic endocarditis may occur at any age It is, however, 
piimarily a disease of middle and later adult life Whereas more than 
half the patients with acute pneumococcic infection were of the age group 
fiom 11 to 40, patients under 13 not being admitted to the medical 
seivice, 80 per cent of the patients with endocarditis were over 40 
However, patients in the fifth and sixth decades comprised a prepon- 
deiance of the series This is in maiked contrast to subacute bacteiial 
endocarditis, which shows a piedilection for the younger age giotips 

The appaient inciease m the incidence of this complication may raise 
the question of seium therapy as a piedisposing cause Eight of the 
infections were caused by types of pneumococci for which therapeutic 
seium was not available In only 5 of the remaining 11 cases was seium 
given Consequently, it is doubtful if serum therapy is a predisposing 
factoi in the causation of this disease 

Since Wadsworth ® first called attention to the occuri ence of pneunio- 
coccic endocarditis in hoises, the opinion has been expressed that the 
type I pneumococcus was chiefly concerned in producing this complica- 
tion In this senes several types of organisms occuried relatively more 
fiequently than type I pneumococcus (table 1) This is in accoid with 
the findings of Finland and his associates who found pneumococci of 
type II and type V to be the more frequent, lelatively and absolutely, in 
a laige senes of necropsies Since Bullowa and Wilcox have shown 
that pneumococci of type II, type III and type V of the commoner types 
ai e more likely to invade the blood stream than those of type I, it seems 
unreasonable to adhere to the belief that those of type I are pnmarily 
responsible foi the pioduction of endocai ditis, especially in view of 
clinical evidence to the contraiy 

Preexisting disease of the valvular endocardium apparently has little 
influence as a predetermining factor in pneumococcic endocarditis In 

9 Wadsworth, A B A Study of the Endocardial Lesions Developing 
During Infections in Horses, J M Research 39 279, 1918 

10 Finland, M , Brown, J W , and Ruegsegger, J M Anatomic and 
Bacteriologic Findings in Infections with Specific Types of Pneumococci, Including 
Types I to XXXII, Arch Path 23 801 (June) 1937 

11 Bullowa, J G M, and Wilcox, C Incidence of Bacteremia in the 
Pneumonias and Its Relation to Mortality, Arch Int Ivied 55 558 (April) 1935 
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this entiie senes of 19 patients, valvular incompetence due to an 
antecedent infection was diagnosed only once, although 2 other patients 
had a history of rheumatic symptoms Four of the patients had sero- 
logic evidence of syphilis, but none had signs of syphilitic aortitis oi 
valvulitis 

As a rule the portal of entry of the pneumococcus is reasonably 
clear In 15 of the cases the endocarditis followed frank lobar pneu- 
monia while the patient was under observation, or there was a history 
typical of that disease Case 4 probably represented a case of invasion 
from the urethra, although cultures were not made pi evious to the onset 
Bacteremia developed in case 9 after cholecystogastrostomy for obstruc- 
tion of the common duct In 1 patient (case 11) fever developed 
suddenly while he was staying in the hospital to legain caidiac com- 
pensation, and he died three days later In another case (case 3) the 
onset was insidious, the only complaint being of a sore knee, which 
represented a purulent metastatic focus of the infecting organism 

CLINICAL COURSE 

Pneumococcic endocarditis may complicate pneumonia at any stage 
of the illness or may occur independent of the disease days or weeks 
after an apparently uneventful convalescence If the endocarditis merges 
with the acute pulmonary infection in regard to time of appearance, it is 
likely not to be diagnosed As a rule the onset is rather acute Six 
of the patients were afebrile for from two to seven days, when the 
complication was heralded by a sudden chill with subsequent fever All 
but 3 (84 per cent) of this group of patients had chills or chilly sensa- 
tions, separate and distinct from such symptoms occurring in the early 
stages of lobar pneumonia, during the course of illness that were directly 
referable to the endocarditis The fever was sustained m 12 of the 19 
cases, the temperature ranged between 103 and 105 F (rectal) Four 
patients showed an intermittent type of fevei, although the afebrile 
periods were of short duration Three patients had paroxysms of fever 
with chills, the maximum temperature reaching 108 F One patient, 
observed for only three days, was afebrile during the fiist two days In 
only 1 case was the fever moderate, the temperature being sustained 
between 101 and 102 F 

The pulse rate was invariably accelerated However, the instability 
as to rate and volume rather than the actual rate was the outstanding 
characteristic of the pulse 

As a rule evidence of toxemia was marked This was especially 
striking since there were not always signs localizing the infection 

Acute pneumococcic infections of the endocardium caused few sub- 
jective cardiac symptoms, as might be expected In fact, frequently there 
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were no objective signs Nine of the patients in this series shoved no 
cardiac murmurs, diastolic murmurs developed m 7 while they were 
under observation, and the remaining 3 had valvular murmurs on admis- 
sion to the hospital One of these 3 patients had been under observation 
for several years and was thought to have had double mitral and aoitic 
lesions of rheumatic origin , no change was detected in the quality of the 
murmurs, despite an acute bacterial engraftment on both valves 

The size and shape of the cardiac dulness were usually wuthin normal 
limits One patient show^ed an enlargement which was not explainable 
by a history of antecedent cardiac disorder or of a long-standing illness 
Abnormalities of rhythm w^ere infrequent It has been a clinical 
dictum for many 3 ^ears that fibrillation spares a patient from bacterial 
endocarditis One patient (case 14) presented this coincidence, although 
It could not be ascertained whether or not the obtunded rhythm pre- 
ceded the onset of the pneumonia Another patient shouted gallop 
ihythm terminally 

Petechiae were observed in only 5 patients (26 3 per cent) This is 
in sti iking contrast to the incidence of petechiae in endocarditis due to 
Streptococcus vindans If petechiae are of embolic origin, the relative 
infrequency of this observation is all the more significant because embolic 
phenomena m viscera were noted regularly at necropsy Clinically, two 
cerebial embolisms and one femoral embolism were obseived 

Only 1 patient in this wdiole senes had jaundice, and the jaundice 
in this instance, due to obstruction of the common duct, was present 
many months before there was evidence of endocarditis It is surprising 
that whereas jaundice is seen in 5 to 10 per cent of the patients with 
pneumonia, it is rarely recorded as a complication of endocaiditis 
Clubbing of the fingers or toes was not noted in this series In view 
of the acuteness of pneumococcic endocarditis, it does not seem remarka- 
ble that acropachy is seldom observed as an accompanying sign 

A palpable spleen, observed so frequently m subacute bacterial endo- 
carditis, was never lecorded m the senes It is not improbable that an 
enlarged spleen is frequently overlooked because of the patient’s acutely 
ill condition 

Pyaithrosis occurred in ^2 patients (10 5 pei cent) This finding also 
may conceivably be overlooked in a veiy ill patient In both cases the 
knee joint w’^as involved , in 1 case a shoulder joint also contained pus As 
might be expected, the oiganism within the joint was of the same type 
as the one m the endocardial vegetation 

ACCESSORY EXAMINATIONS 

Cultuie of the blood is the most important and indispensable method 
of confirming the diagnosis of pneumococcic endocarditis Blood cultures 
were made for every patient Onty 2 failed to show grow^th, these 



Table 1 — Sum- 


Bactenologic Data 

- A - 





Age 

Hospital 

* 




Case 

Sev 

Race 

Residence 

Sputum 

Blood 

Vegetation 

Data 

1 

M 

N 

21 

12/14/35-1/1/36 

12/18 VI 

12/28 VI 


Spinal fluid, 
12/29 VI 

2 

M 

W 

69 

1/4/36-1/30/36 

1/6 1 

1/201 

5/11/37 I 








1/221 

12/11/37 I 


3 

F 

N 

90 

12/8/36 12/11/36 

12/10 XI 

12/8 XI (77) 


Spinal fluid, 






12/11-XI 

12/11 XI 


12/10 XI, fluid 
from knee 
joint, 12/9X1 

4 

M 

N 

47 

12/31/36 1/3/37 


12/31-XX 


Spinal fluid. 







1/1 XX (134) 


12/31-XX 

5 

M 

N 

23 

1/5/37 2/13/37 

1/51 

1/5 I (500) 

5/11/37 I 

Pleural fluid. 







1/12 neg 


1/141 

6 

3? 

W 

16 

1/8/37 1/9/37 

1/8 XXIX 

1/8 neg 

1/9 XXIX 


7 

F 

W 

46 

1/10/37 1/12/37 

1/10 II 

1/10 II 


Pericardial 






1/12 II 


fluid, 1/12 II 
spinal fluid. 










1/12 II 

8 

M 

w 

50 

2/10/37 3/5/37 

2/10 V 

2/10 neg 

3/5 V 

Spinal fluid. 






2/11 neg 

5/11 V 

3/5-V 







2/16 neg 

2/23 neg 

2/27 V 

3/1 V 

3/3 V (25) 



9 

M 

w 

51 

2 /I 0/37 2/25/37 


2/19 IX 

2/20 IX (24) 

2/22 IX 

5/11 IX 


10 

M 

w 

46 

3/24/37 3/28/37 

3/26 VIII X 

3/26 V 


Spinal fluid. 







3/27 V (800) 


3/26 V 

11 

F 

w 

60 

4/26/37 5/9/37 

5/6 VIII 

5/7 VIII ('4 800) 

5/9 VIII 

Spinal fluid, 





5/7 VIII 

5/8 Vril (440) 

5/9 VIII (2) 


5/9 vm 


12 

M 

N 

40 

5/3/37 

5/3 IV t 

5/3 neg 

5/10 IV 

Spinal fluid. 







5/lHV 

5/3 IV 

13 

M 

h 

47 

4/5/37 4/30/37 

4/5 VII 

4/5 VII 

5/1 VII 

Spinal fluid. 





4/6 VII 

4/0 neg 


4/19-neg 







4/7 neg 


4/20 neg 







4/8 VII (36) 


4/22 VII 







4/12 neg 

4/17 VII (4) 
4/18-neg 

4/19 VII (2) 


4/29 VII 







4/20-VII (23) 

4/22 VII (85) 

4/24 VII (25) 

4/26 VII (1,500) 
4/28 VII (560) 



14 

M 


56 

5/18/37 5/19/37 

5/18 rv 

5/18 IV (16,880) 
5/19 IV (15,000) 



10 

M 

N 

46 

8/10/37-8/18/37 

8/10 VIII 

8/10 VIII (1 600) 

8/18 VIII 

, Pleural fluid. 






8/11 VIII (320) 

9/9 VIII 

8/10 VTH 







8/12 VIII (60) 

8/13 VIII (800) 
8/14 tan (300) 
8/15 VIII 

8/16 Vm (408) 


8/11 VIII 

16 

F 

W 

41 

1/8/37 1/25/37 

1/8 V 

1'8 V 


Pleural fluid. 






1/11 neg 

1/19 neg 


1/19 V 








1/21 V (25) 

1/23 V 



17 

M 

N 

70 

2/20/37 3/2/37 

2/21 XII 

2/21 XII 

2/22 XH (160) 









2/23 XII (35) 

2/24 XII 

2/25 neg 

2/26 neg 

3/1 XII 



18 

M 

W 

41 

3/2/37 3/12/37 

V 

3/2 V (490) 


Fluid from 





3/3 V 

3/3 V (450) 


Lnee mint. 






3/5 V 

3/5 V (60) 


3/10 V from 






3/6 V (115) 


shoulder joint, 







3/8 V (88) 

3/9 V (356) 

3/10 V 

3/11 V (350) 


3/10 V 

19 

M 

W 

55 

3/25/37 3/31/37 


3/26 V (15) 


Spinal fluid. 






3/99 V (25) 


3/30 V 


3/30 V (5) 


* The roman numerals indicate the type of pneumococci found The numbers In parentheses refer to the 
number of colonies per cubic centimeter 

t ^0 'Wassennann or Knhn test gave a nositive reaction 
t Culture of material obtained bv swabbing the throat 



inary of Data 



Olimcal Data 



Xecropsy Observations 

— 

/ 

Leukocj tes 

Cardiac 

Murmurs 

Embolic 

Phenomena 

Endocardial 

Vegetations 

Pneumonia 

Other Data 

12,200 

i 


Aortic 

Lobar and 
lobular 

Meningitis, perivascular scars in 
myocardium (rheumatic ?) 

10,000 20,000 

Sjstolic and 
diastolic oier 
base, 1/20 

Petechiae 

Aortic 

Lobular 

Myocardial degeneration 

11,100 

Systolic at 
apes 


ifitral 

Lobular 

Meningitis, pyarthrosis, metastatic 
abscess and acute infarction of 
kidney 

19,000 20,000 

Systolic at 
apexf 

Hemiplegia 

Mitral 

Lobular 

Meningitis, cerebral infarction and 
abscesses, splenic abscesses, syphi 
htic aortitis 

15,000 49,000 

t 


Aortic 

Lobar 

Purulent pericarditis, empyema, 
mycotic aneurysm of aorta, 
syphilitic aortitis 

20,200 


Petechiae 

Mitral and 
aortic 

Lobar and 
lobular 

Menmgitis, abscess of spinal cord 
and myocardium, pulmonary 
embolism 

9,000 10,000 


Petcchiac 

Aortic 

Lobar and 
lobular 

Meningitis, purulent pericarditis, 
empyema, myocardial degenera 
tion and fibrosis 

13,000 48,000 

Diastolic over 
base, 2/23 

Hemiplegia 

Aortic and 
tricuspid 

Organiring 

lobar 

Meningitis, fibrinopurulent pleuritis, 
pulmonary infarction mural throm- 
bosis, acute diffuse glomerulo 
nephritis 

« 

8,000 14,000 


Petechiae, 

femoral 

embolism 

Mitral 

Lobar 

Meningitis, splenic and renal embo 
lisms, myocardial abscesses, rheu 
matic scar of mitral valve adeno- 
carcinoma of ampulla of Vater 

12,600 


Petechiae 

Mitral 

Lobar and 
lobular 

Meningitis, panophthalmitis, renal 
and splenic infarcts 

9,000 16,000 

Aortic diastolic, 
apical systolic 
and diastolic 
before entry 


Mitral, 
aortic and 
about fora- 
men ovale 

Lobular 

Meningitis, pulmonary infarctions, 
healed rheumatic endocarditis of 
mitral and aortic valves, pyelo 
nephritis 

17,000 



Aortic 

Resolving 

Inhnr 

Meningitis, focal embolic nephritis 

6,000 23,000 

Systolic and 
diastolic, loud- 
est at ape\, 4/29 


Aortic 

Resolving 

lobar 

Meningitis, miliary abscess of kid 
ney, acute focal myocarditis 
myocardial fibrosis 

7.000 8,300 

14.000 35,000 

t 


Aortic 

Tricuspid 

Lobar 

Lobular 

Syphilitic aortitis acute pyelo 
nephntis 

Empyema 

15,000 17,000 

Systolic and 
diastolic over 
base and apical 
systolic, 1/19 


Xo necropsy, clinical diagnosis of lobar pneumonia folloived by 
empyema and acute aortic valvulitis 


Diastolic over 
base, 2/28 


Xo necropsy, clinical signs of lobar pneumonia signs of aortic 
regurgitation appeared one yveeh after entry 

6,000 1 7,000 

Dnstobc over 
base, 3/6 


Xo necropsy clinical diagnosis of lobar pneumonia which began 
to resolve pyarthrosis developed after signs of aortic rcgurgi 
tation appeared n-buife, 

9,000 10 000 

Diastolic over 
base, 3/28 


Xo necropsy clinical diagnosic of unresolved lobar pneumonia 
itieningitis followed signs of aortic regurgitation 
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patients having died aftei a few hours in the hospital, and the etiologic 
factor was proved by cultuie fiom the valves at necropsy Colony counts 
were made for all blood cultures The numbei of colonies had no prog- 
nostic significance The highest count exceeded 16,000 colonies pei 
cubic centimeter The type specificity of the organisms was always 
striking In other words, examination of the sputum, joint fluid, 
empyema pus or cerehi ospinal fluid or culture material from the lung 
(by suction) and tin oat almost invariably disclosed a pneumococcus of 
the same type as the oiganism found in the blood stream or in the vegeta- 
tion A single exception occuired in case 10, in which type VIII pneu- 
mococci were found in a single culture of material from the tin oat, 
wheieas several blood cultuies and the cei ebrospinal fluid showed 
type V pneumococci 

An examination of the various components of the blood usually dis- 
closed important deviations from the normal, but theie was no typical 
pattern As a rule leukocytosis was present, as in other pneumococcic 
infections, although this was not always striking Two patients had 
white blood cell counts of 10,000 or less The great majority showed 
counts between 10,000 and 20,000, six counts were in excess of 20,000, 
the highest being 48,000 There was no apparent correlation between 
the number of circulating leukocytes and the clinical data, it may be 
significant, however, that the patient with the lowest count (8,300) had 
overwhelming bacteremia (15,000 colonies or more per cubic centi- 
meter) There was invariably associated with the leukocytosis a lelative 
increase in the number of polymorphonuclear neutrophils Anemia of 
the hypochromic type was present in about half the cases This became 
apparent in those cases m which the disorder was of longer duration, as 
might be expected Urinary findings were those of an acute febrile 
illness Albuminuria was noted in half the patients Despite micro- 
scopic and gross evidence of infarction at necropsy, hematuria was not 
observed in any cases White blood cells and casts were found 
occasionally 

Electrocardiographic ti acings were made for 5 patients One showed 
a normal tiaciiig, despite clinical signs of acute aortic insufficiency The 
others were interpreted as indicative of myocardial disease of varying 
degiee One tracing (case 11) showed a PR interval of 0 22 second, 
although the interval two months pieviously had been 0 16 second 
White recorded this as an infrequent finding m acute bacterial endo- 
carditis Segal also found this to be more commonly observed in 

12 White, P D Heart Disease, ed 2, New York, The Macmillan Company, 
1937 

13 Segal, M S Bacterial Endocarditis with Special Reference to Cardiac 
Irregularities Clinical and Pathological Study of One Hundred and Ninety-One 
Cases, Am Heart J 11 309, 1936 
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cases of involvement of the aortic valve than in cases of mitral involve- 
ment 

Pneumococcic endocarditis in our expeiience usually pursued an 
acute and rapid course Obviously, it is practically impossible to 
ascertain the exact date of onset In 17 of the 19 cases the disoider 
terminated within five weeks of the onset of the acute pneumococcic 
infection, of which the endocarditis was presumably a complication or 
sequel One patient gave a history of lobar pneumonia at least five 
months previous to entry, with uneventful convalescence , then there was 
a gradually increasing feeling of malaise, interrupted suddenly by chills 
and fever Judging from clinical data, the estimated duration of the 
process exceeded two weeks in only 1 instance Fortunately it was 


Table 2 — Types of Pneumococci m Nineteen Cases of Pneumococcic Endocai diiis 


Tjpe 

Incidence 

Type 

Incidence 

I 

2 

VIII 

2 

II 

1 

IX 

1 

TV 

2 

XI 

1 

V 

5 

xn 

1 

VI 

1 

XX 

1 

VII 

1 

XXIX 

1 


Table 3 — Nectopsy Data foi 

Patients with Pneumococcic 

Endocai ditis 

Involvement 

No of Cases Involvement 

No of Cases 

Aortic 

7 Left side of heart 

13 

Mitral 

4 Bight side of heart 

1 

Tricuspid 

1 Both sides of heart 

1 

Aortic and mitral 

2 


Aortic and tricuspid 

1 



possible to obseive 5 patients throughout the primary and secondaiy 
phases of the infection , cultures were made at frequent intervals after 
spontaneous or induced defervescence of the fever, in 1 instance the 
blood culture again gave positive results fourteen days before death 
The actual duration of the endocarditis probably is greater than the 
period indicated by pneumococcemia but less than the total peiiod of 
the illness 

The disease terminated in meningitis in 13 (68 4 per cent) of the 
cases Only 1 of the 6 lemaming patients failed on postmortem study 
of the calvaiium or of the spinal fluid to show evidence of meningitis 
This patient also was the only one to show purely right-sided endo- 
carditis, consequently, the incidence of meningitis ma} well have been 
higher, especially since there was such a preponderance of left-sided 
caidiac lesions 
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PATHOLOGIC OBSERVATIONS 

The vegetations of pneumococcic endocaiditis vary considerably in 
size, color and distribution The great majority of the vegetations show 
ulceration, either grossly or microscopically, case 13 demonstrated 
ulceration which progressed to actual rupture of the valve The vegeta- 
tions vary in size from papilliform or cauliflowei -like masses, 1 5 cm 
m diameter, to mere excrescences of the endothelium They are usually 
friable They are grayish red, oi sometimes there is a mottling of red 
and gray The distribution of lesions in this disease is shown in 
table 1 Sometimes the pneumococcus attacks the endocardium elsewheie, 
leaving the valves intact In case 11 there weie vegetations around the 
foramen ovale in addition to those on the valves The predilection of 
the pneumococcus for the left side of the heart is not surprising, since 
in the great majority of instances the portal of entry is probably the lung 
The site of election is shown m the table The incidence of involvement 
of the aortic valve is striking , no plausible reason is apparent, although 
Netter, Preble and Thayer found a similai election Lesions on the 
pulmonary valve, infrequently seen in any type of endocarditis, weie not 
observed, although such lesions have been reported 

The immediate effects of the endocarditis on the heait itself were 
difficult, if not impossible, to determine There was moderate hyper- 
trophy of the myocardium in more than two thirds of the cases in which 
neciopsy was performed, but coexistent cardiovascular disease piecluded 
any conclusion concerning the cause It may be significant, however, 
that the largest heart (case 15), weighing 700 Gm , was that of a patient 
with little evidence of other disease yet showing pure tricuspid endo- 
carditis with dilatation of the ring Mural thrombi were present m only 
3 instances One vegetation eroded the aortic intima to form a small 
mycotic aneurysm 

Pneumonia was present in all the 15 cases in which necropsy was 
performed It was lobar in 6, lobulai m 5 and mixed in 4 In only 2 
was there evidence of resolution , in 1 case organization was taking place 
In case 11 the pneumonia probably was entirely secondaiy to infarction 

While pneumococcic infections are notoriously prone to cause 
purulent foci, the incidence of such suppurative piocesses was striking 
in this group of cases Only 2 of the 15 patients failed to reveal such 
foci , and in neither of these cases was complete necropsy performed 
Although meningitis occurred most frequently, a multiplicity of purulent 
focal processes was seen m more than 50 per cent of the cases at 
necropsy These foci included empyema of the pleural cavity, peri- 
carditis, pyarthiosis, abscesses of the myocardium, abscess of the biain, 
abscess of the spinal cord and focal embolic nephritis 
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Although the spleen was never palpated clinically, it was almost 
invariably enlarged at necropsy Usually it appeared as a moderately 
enlarged organ with a fiiable pultaceous pulp, occasionally follicular 
markings were lost 

THERAPY 

In view of the fact that pneumococcic endocarditis is invariably 
reported as a disease of hopeless prognosis, discussion of modes of 
therapy may seem futile However, Wadsworth,® after observations 
of the process in horses, said he was confident that he saw scars of old 
healed inflammations of the valves, the implication being that they veie 
due to the pneumococcus If one may make an analogy between this 
type and other types of acute bacterial endocarditis,^'^ it is not unieason- 
able to suspect that at least a small peicentage of patients recover 
Preble ® reported on 4 patients, including 2 of his own, who recovered , 
1 of them presented all the findings for an antemortem diagnosis and 
must certainly be considered as representing a case of genuine pneumo- 
coccic endocarditis Lanbiy and Coffin reported the only other instance 
of recovery since Preble’s report, but here the diagnosis is by no means 
so convincing The authoi s ti eated their patients with antipneumococcus 
serum and later with vaccine Immunologic studies were not made of 
the patients of this series, but the rationale of serum and vaccine therapy 
does not seem well founded Wadsworth demonstrated acute active 
vegetations in horses which were producing potent therapeutic serum 
Three of the patients of the present senes (cases 5, 13 and 16) leceived 
sufficient serum to steiihze the blood stream tempoiarily, yet they sub- 
sequently had endocarditis Horder reported the employment of 
diathermy without encouraging results He also reported the use of 
roentgen therapy with success in 1 case One of the patients in the 
present series (case 18) was given high voltage roentgen therapy over the 
precordium, with no apparent effect on the course Since there is some 
evidence that certain strains of pneumococci may have a thermal death 
point compatible with the maintenance of human life, 1 patient (case 
8) was treated by hypertherm exposures This treatment did not piove 
successful , the cooperation was poor and the pi ogram was not cai ried 
to its completion Another patient (case 15) was treated with sulfanil- 
amide, he was given the drug for seven days in large doses, although 

14 Perry, M W Gonorrheal Endocarditis with Recovery A Case Report, 
Am J M Sc 179 599, 1930, Further Note on a Case of Gonorrheal Endocarditis 
with Recovery, ibid 185 394, 1933 Hamman, L Healed Bacterial Endocarditis, 
Ann Int Med 11 175, 1937 

15 Lambry, C, and Coffin, M Endocarditis infectieuse primitive a pneu- 
mocoques terminee par la guerison. Bull et mem Soc med d hop de Pans 
52 281, 1928 

16 Horder Septic Endocarditis, Lancet 2 174, 1936 
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the concentration in the blood did not exceed 8 mg per hundred cubic 
centimeters until the day before death, when it was 17 mg Far fiom 
sterilizing the blood stieam, it actually did not change the colony count 
appreciably As it was found that solution of formaldehyde and other 
presei vatives failed to kill the pneumococcus embedded m vegetations 
post mortem, it scarcely seems likely that a nonspecific drug, so innocu- 
ous to tissue as sulfanilamide, would efifect the desiied result 

In conclusion, the problem of mode of therapy seems to be frankly 
one of prevention Others have also been unimpressed by seium oi 
drug therapy Wadsworth’s finding that horses may pioduce potent 
therapeutic serum yet may have endocaiditis is discouraging to the pios- 
pects of serum therapy However, that should not be a contraindication 
to large doses of specific serum when the diagnosis is once made Since 
endocarditis has its oiigin m bacterial invasion of the blood stream and 
since potent therapeutic seiums are today available, prompt and vigoious 
serum treatment of acute pneumococcic infection should be instituted 
In addition to serum therapy, surgical eradication or at least surgical 
drainage of accessible purulent foci should be employed without hesi- 
tance, for such foci constitute a constant potential source foi invasion 
of the blood stream Those two methods of attack on acute pneumo- 
coccic infection should do much to decrease the incidence of this com- 
plication markedly 

CONCLUSIONS 

Acute endocarditis occurring in the couise of pneumococcemia is 
probably always due to the pneumococcus 

Acute endocarditis is a considerably more frequent complication 
of pneumococcic sepsis than is generally believed 

Pneumococcic endocarditis may be diagnosed ante mortem m about 
50 per cent of the cases if certain laboratory facilities are available 
Pneumococcic endocarditis usually occurs as a complication or sequel 
of pneumococcic pneumonia, runs an acute course, attacks especially 
the valves of the left side of the heait, is characterized by embolic 
phenomena and terminates m the majority of instances in purulent 
meningitis 

As serum and drug therapy of pneumococcic endocarditis has been 
almost uniformly unsuccessful, therapeusis should be largely prophy- 
lactic, namely , the prevention of bacteremia b)’’ means of potent specific 
serum and the removal or drainage of purulent foci 
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Tumors of the heart aie raie A laige senes of autopsy reports 
(approximately 40,000 cases) show that metastatic growths m the heait 
occur m approximately 0 5 per cent of cases, whereas pi unary tumors 
are found m 0 03 per cent (Yater^ and Mead") On the othei hand, 
studies of cases of ‘malignant growth with disseminated metastases 
leveal an incidence of about 7 5 per cent m cases of cardiac involve- 
ment (Yater,^ Burke Metastatic tumors have been reported as 
diagnosed during life in only 10 cases, the first by Roesler,^ in 1924, 
and all the others since 1930 (Heninger,® Willius and Ambeig,® Fish- 
beig,’' Schmtker and Bailey,® Doane and Solis-Cohen,® Smith Such 
tumors may involve any part of the heart, but especially the right 
auricle They have been described as arising from almost any type 
of malignant tumor anywhere in the body Usually they produce no 
symptoms and are found accidentally at autopsy Symptoms or signs 
of cardiac involvement in a case of known malignant involvement may 

1 Yater, W M Tumors of the Heart and Pericardium, Arch Int Med 48 
627 (Oct) 1931 

2 Mead, C H Metastatic Carcinoma of the Heart, Secondary to Primary 
Carcinoma of the Lung, J Thoracic Surg 2 87, 1932 

3 Burke, E M Metastatic Tumors of the Heart, Am J Cancer 20 33, 1934 

4 Roesler, O A Vier seltenere Herzbefunde Em Beitrag zur Herzdiag- 
nostik, Zentralbl f Herz- u Gefasskr 16 261, 1924 

5 Heninger, B R Clinical Aspects of Pericardial Metastasis, Ann Int Med 
7 1359, 1934 

6 Willius, F A , and Amberg, S Two Cases of Secondary Tumor of the 
Heart in Children, in One of Whom the Diagnosis Was Made During Life, M 
Clin North America 13 1307, 1930 

7 Fishberg, A M Auricular Fibrillation and Flutter in Metastatic Growths 
of Right Auricle, Am J M Sc 180 629, 1930 

8 Schmtker, M A , and Bailey, O T Metastatic Tumor of the Heart A 
Case Diagnosed During Life, JAMA 108 1787 (Maj 22) 1937 

9 Doane, J C , and Solis-Cohen, L S}'mmetrical Adrenal Neuroblastoma 
Metastasizing to the Right Auricle, JAMA 109 578 (Aug 21) 1937 

10 Smith, D S Neoplastic Involvement of the Heart, JAMA 109 1192 
(Oct 9) 1937 
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suggest an antemortem diagnosis The cardiac disturbances most com- 
monly noted have been arrhythmias, bloody pericardial effusion, local- 
ized edema m the face, neck or h^ds, excessive dyspnea, oppression 
in the chest, and the acute onset of signs of congestive heart failure 
Naturally, the symptoms and signs depend on the size and the location 
of the tumor 

Primary tumor of the heart may be either malignant or benign 
Only 2 cases have been reported in which the diagnosis was made before 
death, in both the tumor was malignant The first case was leported by 
Barnes, Beaver and Snell,^’- in 1934 Their patient, a woman aged 62, 
with symptoms and signs of acute pericarditis, had pain m the region 
of the deltoid muscle Biopsy revealed the cells of a malignant tumor, 
and later an electrocardiogram disclosed complete aunculoventncular 
dissociation Autopsy showed rhabdomyosarcoma of the right auricle, 
pericardium and right ventricle 

In the case reported by Shelburne,^- m 1935, the diagnosis was made 
on the basis of finding a bloody pericardial exudate in a patient who 
showed no fever or signs of tuberculosis The electrocardiogram 
showed partial bundle branch block Four days later there were signs 
of acute cardiac decompensation At autopsy, sarcoma of the peri- 
cardium was demonstrated 

Recentl)'-, Shelburne, as well as other authors,^® have eironeously 
quoted Goettel as having credited Pavlowski with reporting the 
only benign tumor of the heart ever diagnosed before death Actually 
Pavlowski reported a case of m)'xoma of the left auricle m which 
autops}'- was performed Like other authors who have reported cases 
of primary tumor of the heart, he leasoned backward from the autopsy 
protocol and showed how and why the symptoms were produced His 
own antemortem diagnosis was dilataho coidts due to a chionic char- 

11 Barnes, A B , Beaver, D C , and Snell, A M Primary Sarcoma of the 
Heart Report of a Case with Electrocardiographic and Pathological Studies, Am 
Heart J 9 480, 1934 

12 Shelburne, S A Primary Tumors of the Heart, with Special Reference to 
Certain Features Which Led to a Logical and Correct Diagnosis Before Death, 
Ann Int Med 9 340, 1935 

13 Gilchrist, A R, and Miller, W G Paroxysmal Auricular Tachycardia 
Associated with a Primary Cardiac Tumor, Edinburgh M J 43 243, 1936 
Yater ^ Mead - Schnitker and Bailey ® 

14 Goettel, L Em Fall von primaren Herztumor, Deutsche med Wchnschr 
45 937, 1919 

15 Pavlowski, R A Ueber Herzthromben Gestielte Thromben oder “wahre 
Polypen” des Herzens, Ztschr f klin Med 26 482, 1894 

16 Pavlowski, R Beitrag zum Studien der Symptomatologie der Neubild- 
ungen des Herzens Polypose Neubildungen des hnken Vorhofs, Berl khn Wchn- 
schr 32 393, 1895 



STROUSE— TUMOR OF HEART OF LONG DURATION 403 


actenstic cause Where it was and of what nature could not be 
determined He stated that it was something out of the oi dinar} 

A primary tumor may occur m any portion of the heait The 
rarest location is on the valves Such a tumor is usually small and 
of no clinical significance (FereP") The most frequent site of a 
primary tumor is the left auricle, in contrast to a metastatic tumor, 
which most often invades the right auricle Howevei, a tumor ma} 
be present in the wall of any of the cardiac chambers (Karrenstem 
and may occur at almost any age In children rhabdomyoma occurs 
with tuberous sclerosis and with other signs of congenital defects 
(Fiddler The first ihabdomyoma m an adult was reported m 1928 
by Biadley and Maxwell A tumor may be present without any 
cardiac manifestations, and if symptoms or signs occur they depend, 
as has been remaiked, on the size and the location of the tumor 
One of the most interesting tumors described m the literature is 
the pedunculated myxoma of the left auricle which diops into the 
auriculoventricular opening and intermittently occludes the mitral valve 
(Pavlowski,^® and Houck and Bennett-^) In other cases the con- 
duction system is involved, and arrhythmia occurs (Wegman and 
Egbert --) 

All pi Hilary tumors of the heait aie of mesoblastic origin — fibroma, 
myxoma, saicoma, ihabdomyoma In much of the earlier liteiature 
one finds a discussion of the differentiation between cardiac thrombi 
and myxomas, some of the eailier so-called tumors were actually 
thiombi (Chian and Lymburnei With the better technical facili- 
ties available for micioscopic study m recent yeais, there is no leal 
difficulty today m differentiating between these two conditions 

17 Ferel, F C Two Cases of Primary Neoplasm of the Cardiac Vahes, 
Internat Chn 4 147, 1919 

18 Karrenstem Ein Fall von Fibroclastimj'xom des Herzens und Kasuistiches 
zur Frage der Herzgeschwulste, besonders der Myxome, Virchows Arch f path 
Anat 194 127, 1908 

19 Fiddler, R S , Kissane, R W, and Koons, R Primary Fibrosarcoma of 
the Heart, Am Heart J 13 736, 1937 

20 Bradley, E B , and Maxwell, E S Primary Neoplasms of the Heart 
Report of an Unusual Case, J A M A 91 1352 (Nov 3) 1928 

21 Houck, G H, and Bennett, G A Pohpoid Fibroma of the Left Auricle 
(So-Called Cardiac Myxoma) Causing a Ball-Valve Action, Am Heart J 5 787, 
1930 

22 Wegman, M E, and Egbert, D S Congenital Rhabdomyoma Asso- 
ciated with Arrhythmia, J Pediat 6 818, 1935 

23 Chian, H Myxom des rechten Vorhofs Ploetzlicher Tod durch 
Geschwulstembolie der Lungenschlagader, Centralbl f allg Path u path Anat 
52 291, 1931 

24 Lymburner, R M Tumors of the Heart Histological and Clinical Stud\, 
Canad M A J 30 368, 1934 
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As for the clinical history and the intra vitam diagnosis of caidiac 
tumors, It must be admitted that practically all the information so far 
published has been based on ex post facto reasoning Meroz reviewed 
the subject in 1917, attempting to show from a casuistic analysis of some 
cases how the diagnosis should be made Yet the first metastatic 
malignant tumor of the heart was diagnosed in 1924 (Roesler and 
the first primary malignant tumor m 1934 (Barnes, Beaver and 
Snell , as yet no benign primary tumor has been diagnosed during 
life Siegel and Young studied the electrocardiographic changes in 
all cases of cardiac tumor reported up to 1933 and concluded that there 
was great similarity of the electrocardiographic findings in cases of 
tumor of the heart and in myocardial changes from other causes, 
especially coronary disease Minor differences were noted, especially 
the lack of reciprocal direction of the T wave m leads I and III and 
the failure to show deviation from the isoelectric level in the ST seg- 
ment They also suggested that the electrocardiographic changes m 
cases of tumor gave some evidence as to the location of the neoplasm 
in the heart These findings certainly are not specific 

REPORT OF A CASE 

The patient was born m 1872 and died on Dec 7, 1935 Friends of his youth 
stated that although he led an active life for his first twenty years, “he had to be 
careful of his health ” There was no history of rheumatism or of infection 
Apparently during his youth he was not seriously incapacitated, and in his late 
teens he was accepted for the only life insurance policy he ever obtained He had 
a curvature of the spine, which progressed steadily as he grew older In 1892 he 
consulted the late Dr Otto L Schmidt, in Chicago, when the diagnosis of “heart 
trouble’’ was made According to the patient’s wife, he was at that time compelled 
to live a carefully regulated life but was subsequently able to play golf and to take 
long walks For many years his life was not greatly disturbed In 1917, at the 
age of 45, he consulted Dr Walter Hamburger, who has placed at my disposal 
all his notes, which I am freely using in reconstructing the case history From 
1923 until his death the patient was under the care of Dr Binswanger and myself 
In no previously reported case has a patient with cardiac tumor lived so long or 
offered such a good opportunity for detailed study during life The diagnosis was 
not made ante mortem I repeatedly expressed the opinion that we were dealing 
with an unusual type of heart disease, but neither I nor any of the consultants sug- 
gested the correct diagnosis 

When the patient was first seen by Dr Hamburger, he was recovering from 
a severe infection of the upper respiratory tract and complained of edema of the 
ankles The urine contained much albumin and many casts, the heart was 
enlarged to the left A soft diastolic murmur was heard along the left border 
of the sternum The systolic blood pressure was 118 Later the character of the 

25 Meroz, E A Clinical Study of Three Cases of Primary Tumor of the 
Heart, Internat Clin 4 331, 1917 

26 Siegel, M L , and Young, A M Electrocardiographic Findings in Tumors 
of the Heart, with a Report of a Case, Am Heart J 8 682, 1933 
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murmur changed, so that the notes at %arious times read “A soft postdiastolic 
murmur to the left of the sternum ” “A soft pres> stolic-diastolic murmur ” 

In !Ma 3 1920 the patient complained of shortness of breath Extras} stoles -were 
noted for the first time The albumin and casts that were found m the urine m 
1917 soon disappeared, but in 1920 they recurred In June 1921 d\spnea was aga.n 
present The left border of the heart was found to be 2 fingerbreadths be}ond the 
left nipple The soft postdiastolic murmur was louder The luer was enlarged 
but w'as not tender Pitting edema of the ankles w'as noted In January 1922 the 
Iner was a full handbreadth below the costal margin The heart measured 4 cm 
to the right and 12 5 cm to the left of the midsternum The murmur was “soft, 
faint, presystolic, late in diastole and continuing to the first tone at the apex ” The 
liver w'as still enlarged and not tender The spleen w'as not felt The renal 
function was not impaired 

It IS to be emphasized at this point that the Iner constantly remained enlarged 
a full handbreadth below the costal margin and w'as firm, round and never tender 
When the patient came under the care of Dr Binsw anger and myself, in 1923, 
he showed definite decompensation, and he complained of shortness of breath and 
edema of the ankles These two symptoms w’ere his main complaints at this time 
and later Cyanosis, cough and rales in the chest w'ere never prominent He was 
not mcapacitated for work The examination show'ed, in brief, marked k}pho- 
scoliosis and marked cardiac enlargement in all directions The murmur was loud, 
was heard o\er the w^hole precordium and w'as definitely systolic The systolic 
blood pressure \aried between 130 and 140 and remained fairly constant all through 
his life There was fibrillation at that time, and this also remained constant until 
his death 

Then began a series of remarkable changes m his condition He made a 
spectacular reco\ery from this attack and was well and active until September 
1925 Then another episode of dvspnea and edema occurred Through 1926 and 
1927 he worked full time, W'lth onl} an occasional examination for routine check-up 
and with no noteworthy changes In January 1928 he had pneumonia, involving 
the bases of both lungs, he w'as almost moribund but managed to survive He 
remained in excellent condition until November 1929 Then symptoms of con- 
gestive failure recurred, followed by the usual recovery, which lasted until May 
1932 From this time on more or less constant dyspnea, pedal edema and oppression 
in the chest with anginal pains were present Although he was not confined to bed, 
there was definite and increasing restriction of his activity 

A new condition arose in 1927, when he began to complain of occasional 
precordial pains At times these were t 3 'pical anginal pains on effort, at other 
times they w'ould occur when he was quietly sitting in bed 

In 1933 he began to complain of pain in the lower left quadrant of the abdomen, 
associated with frequent small stools containing pus and blood Parasites were 
nev'er found These s}mptoms increased m severity 

On Dec 6, 1935, sev'ere acute abdominal i>ains dev'eloped, with bloody diarrheal 
stools A barium sulfate enema revealed marked tubular encroachment of the 
sigmoid flexure, which resembled an inflammatorv rather than a neoplastic lesion 
Surgical intervention was considered, but the patient’s general condition was too 
poor ‘ Death occurred the next day, following symptoms of a ruptured intestine 
with peritomtis 

I have purposelv av'oided discussion of either the electrocardiograms or the 
roentgenograms because it seems more graphic to describe them separately The 
roentgen examinations date from August 1921, when marked cardiac enlargement 
and some bulging of the arch of the aorta were noted 
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In February 1922 there was a marked increase in the transverse diameter, and 
the aorta was broad The right border of the heart was far beyond the usual 
normal limits, but there was marked scoliosis, which would account m part for 
the position of the heart The left border of the heart was rather straight The 
left ventricle appeared swollen 

In August 1922 the heart was 16 5 cm in diameter and the chest 30 cm 

In October 1925 the heart was 18 8 cm in diameter It appeared swollen as 
in cases of pericarditis with effusion or myocarditis The aorta was broad and 
dilated 

In December 1927 the heart was 204 cm in diameter 

In October 1929 the heart was 21 cm in diameter 

In May 1932 the heart was 22 cm in diameter What appeared to be the right 
border had a rippled contour, suggesting pericardial disease 



Fig 1 — Sept 18, 1919 A normal electrocardiogram 


On Dec 6, 1935, fluoroscopic examination showed tremendous cardiac enlarge- 
ment 

It IS greatly to be regretted that, owing to legal restrictions on the preservation 
of x-ray films, none of the roentgenograms of this patient are available for repro- 
duction Measurements are lacking to substantiate our impression that the increase 
m the width of the right border of the heart noted m 1922 was constantly present 
In fact. It seems m retrospect that not enough attention was paid by us to the 
changes in the right border 

We are able to present an unusual series of electrocardiograms, which graphic- 
ally show the progressive cardiac changes (figs 1 to 6) 

Postmo) fem Exammatwn — A complete autopsy was performed one hour post 
mortem by Dr Otto Saphir (Michael Reese Hospital, Chicago) The pathologic 
diagnosis was as follows primary adenocarcinoma of the rectum with stricture 
formation, marked chronic and acute polypoid and ulcerating colitis and perfora- 
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tion of the upper portion of the sigmoid flexure, acute serofibrmopurulent perito- 
nitis, primarj"^ myxoma of the right auricle, marked dilatation and hypertrophy of 
the right auricle, generalized arteriosclerosis, severe coronary sclerosis, slight 
narrowing of the ostium of the right coronary artery^ , arteriosclerosis of the aortic 
valve, fibrosis of the myocardium, chronic passive hy^peremia of tne liver [weight, 
1,600 Gm ] , cloudy swelling of the liver and kidneys , arteriosclerotic scars of 
the kidneys, enlargement of the prostate, fibiosis of the spleen, edema of the 
ankles, and marked scoliosis of the vertebral column 



Fig 2 — Jan 11, 1921 P 2 and Pj are extremely high and notched 



Fig 3 — Aug 14, 1922 P is enlarged and notched in all leads T 2 is diphasic 


All details except those referring to the cardiac condition are omitted 
The heart was markedly enlarged and weighed 750 Gm The epicardium was 
slightly granular over the region of the right auricle However, the greater bulk 
of the heart seemed to be in the right auricle , the left ventricle was apparently no 
larger than usual The right auricle contained a large spherical mass, about the size 
of an orange (measuring about 8 by 9 by 10 cm ) It was attached to the endo- 
cardium of the mterauncular septum and almost completely filled the auricle 
This tumor was semifirm, with a slightly gelatinous consistency Through the 
upper layers of the mass, small, irregular, firm calcific masses could be felt The 
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color of the tumor varied from a semitranslucent yellow-gieen to blood red 
Sections taken from the tumor showed it to be of jelly-hke consistency The 
cavity of the right auricle was markedly dilated and its wall thickened The endo- 
cardium of the rest of the heart showed no change The cardiac valves showed 
no change with the exception of the aortic valve, which was markedly thickened 



Fig 4 — Oct 12, 1925 The electrocardiogram shows auricular fibrillation, 
inversion (^) of Tz and Ts and preponderance of the right ventricle 



Fig 5 — Dec 30, 1927 There were auricular fibrillation, an auricular rate of 
450, a ventricular rate of 90, an occasional left ventricular ectopic beat and a low 
amplitude of the ventricular complex 


by many yellow plaques Many of these had a stonehke consistency, and the free 
borders of the cusps were also thick and sclerotic The aortic leaflet of the 
mitral valve presented the same type of changes, but these did not extend down 
to the line of closure The cardiac valves had the following circumferences 
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aortic valve, 8 3 cm , mitral vahe, 10 5 cm , pulmonary -vahe, 9 5 cm , and tricuspid 
valve, 15 cm The left \entncle was not enlarged, and its wall measured up to 10 
mm m thickness The right ventricle was not enlarged, but the tricuspid valve 
seemed to be dilated, and its wall measured up to 5 mm m thickness The line 
of demarcation between fat and muscles was not sharp The right auricle was 



Fig 6 — Afay 23, 1932 The findings were practically the same as those noted 
on Dec 30, 1927 (fig 5) 



Fig 7 — A, the right auricle and ventricle Note the tremendous size of the 
auricle B, the heart opened T indicates tumor. A, auricle, Tr , tricuspid valve, 
and V, right ventricle Note the tumor of the auricle and the size of the lentnclc 
as compared with the size of the auricle 


markedly dilated, its wall measuring 4 6 mm in thickness The pectinate muscles 
were hypertrophic The aorta w^as covered by many" yellow intimal plaques, and 
the mouth of the right coronary ostium was encroached on by some of these The 
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coronary arteries were thick and cordlike, and the intima was covered by many 
yellow plaques that were often calcified The first part of the anterior descending 
branch of the left coronary artery was markedly narrowed b> these changes, but 
there was no complete occlusion 

Microscopic examination of the heart showed that most of the fibers stained 
irregularly in intensity The paler fibers usually were lacking in nuclei and 
appeared hyalinized Many of the fibers were fragmented along the lines of 
the intercalated disks The larger vessels were markedly toituous, and the 
lumens were narrowed by intimal proliferation There was much newly formed 
connective tissue between the fibers of the cardiac muscle 



Fig 8 — A, note the large amount of intercellular stroma and the oval cells 
with protoplasmic elongations Hematoxylin and eosin preparation, X 400 B, 
section of the tumor Note the triangular cells and the large amount of inter- 
cellular stroma , X 300 

The tumor of the heart, for the most part, showed in cross section an acellular 
material staining with various degrees of intensity, partly eosinophilic and partly 
basophilic In a number of fields there were also cellular elements which were 
either oval or triangular, with processes extending in three directions, correspond- 
ing to the angles of the triangle Also the oval cells had cytoplasmic elongations 
extending in two directions Some of these cells were multinuclear In some 
fields the eosinophilic material was slightly granular and occasionally vacuoles 
were present in this material as well as m the triangular cells A number of well 
formed small and larger vessels were seen throughout the tumor The periphery 
of the tumor, however, revealed tiny islets of vascular channels, sometimes mcom- 
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pletcly formed and lined with endothelial cells In the periphery of the tumor there 
was also blood pigment, some of which was present in endothelial leukocUes and 
some free m the tissue Sections which were stained with mucicarmine ga\e a 
positne reaction for mucin 

COMMENT 

This paper lecoids the history, physical findings and autops} obsei- 
vations foi a man aged 63 who had had “heait sjmptonis’ foi foit}- 
thiee }eais Death occurred from rupture of the, colon At the age 
of 20 the fiist symptoms of heart disease were noted Fiom that 
time until his death his life was a seesaw betw^een peiiods of well- 
being and peiiods of illness Serial i oentgenograms and electro- 
caidiogiams are analyzed At the age of 55 theie weie symptoms of 
angina pectoris During tbe yeai pieceding bis death be bad symptoms 
and signs of ulceiative colitis and, just before death, obstruction of the 
lower poition of the bowel, with peiforation The autopsy leAealed, 
in summaiy, myxoma of the right auiicle, high giade coionary and 
aoitic scleiosis, ulcerative colitis with lupture and caicinoma of the 
rectum 

This story represents the longest case histoiy on lecoid of a tumor 
of the heart — forty-thiee years The arteriosclerosis observed at 
autopsy gave symptoms only during the last seven oi eight yeais of 
life and certainly represented a later development than the cardiac tumor 
Theie is no way of ascertaining whethei the m}xoma was congenital 
01 acquned The eaily histoiy suggests a stiong possibility of a 
cardiac lesion in youth The progiessive inciease m the size of the 
heart was probably due to a giadual increase in the size of the tumor 
The electrocaidiograms point stiongly to the increasing amount of work 
done by the right auricle, with final caidiac exhaustion During the 
later yeais of life, the heart was piogressively unable to carry on its 
work, even when the activities of the patient weie considerably reduced 
Although death finally occurred from causes extianeous to the heart, 
the patient’s caidiac mechanism was definitely showing signs of increas- 
ing inefficiency 

The diagnosis of benign tumor of the heait was not made duiing 
life Theie are seveial outstanding featuies of the case which in 
letiospect seem to have greater impoitance than was attached to them 
duiing the life of the patient The absence of a history of iheumatic 
involvement, the long duiation of the illness, the long periods of well- 
being which mtei veiled between attacks of congestive failure and the 
change in the character of the murmur aie suggestne The roentgen 
findings of a niaiked increase in the size of the right side of the heait, 
the absence of any electrocardiographic signs of pi eponderance of the 
left ventiicle, the eaily presence of a high, notched P vaie, the onset 
of auricular fibi illation and the constant!} enlaiging liver should ha\e 
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directed our attention more forcibly to the right auricle Theie weie 
never any signs of thyrotoxicosis, nor was the picture ever typically 
that of the usual valvular diseases of the heart 

Previous investigators have emphasized the changeability of the 
murmur heard in cases of cardiac tumor It will be recalled that Dr 
Hamburger’s notes reported such a variation during the earlier periods 
of this patient’s life 

It IS true that benign tumors of the heart are exceedingly rare and 
that none has been diagnosed ante mortem An increasing number of 
reports on tumor of the heart are appearing in the literature, and it 
seems possible that, as has happened frequently with other rare condi- 
tions, consciousness of the anomaly may lead to more frequent diag- 
nosis Up to 1930 m only 1 case of metastatic tumor had the diagnosis 
been made ante mortem Nine more cases were added m the next 
seven years In 2 cases of primary malignant tumor the diagnosis was 
made ante mortem (in 1934 and 1935, respectively) It is hoped that 
this story may add to the possibility of the early diagnosis of primary 
benign tumor 
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Beinhard,^ in a study of 15 cases of thiomboangiitis obliterans, 
found that tbe values for tbe calcium content of tbe seium and for tbe 
cholesterol, tbe chlorides and the carbon dioxide-combining power of 
the plasma were within normal limits Three types of dextrose toler- 
ance curves were found, but only 3 of the 15 patients appeared to have 
a diminished toleiance for dextrose Heitz " studied 27 cases of “oblit- 
erating arteritis ” Only 2 of these appeared to be characteristic exam- 
ples of thiomboangiitis obliterans (cases 12 and 13) The values for 
the cholesterol in these cases were 217 and 348 mg per hundred cubic 
centimeters of plasma, lespectively Ssokoloff ^ found normal values 
foi cholesterol in cases of “spontaneous gangiene” of the extremities 

Silbert, Koinzweig and Friedlandei,'* in a study of 69 cases of typical 
thromboangiitis obliterans, found an average volume of the whole blood 
of 64 3 cc for each kilogram of body weight , this was an average 
reduction of 21 per cent in the value for normal persons, which is 82 7 
cc foi each kilogram of body weight The value for the hemoglobin 
111 these 69 cases appeared to be greatei than normal As a result of 
these findings the authors drew the tentative conclusion that the blood 
IS usually concentrated in thromboangiitis obliterans In about 10 pei 
cent of the cases the volume of blood was normal However, the patients 
weie exercised in order to insure a proper distribution of the dye in 

*From the Dnision of Medicine, the Maj'o Clinic 

1 Bernhard, A Summary of the Chemical Blood Findings in Thrombo- 
angiitis Obliterans, M Rec 97 430-431 (March 13) 1920 

2 Heitz, J De la cholesterinemie chez les sujets affectes d’artenes obliterans, 
Ann de med 14 378-409 (Nov ) 1923 

3 Ssokoloff, N A Ueber den Cholestei ingehalt des Blutes bei Spontan- 
gangran der Extremitaten vor und nach der eiseitigen Epinephrektomie, Deutsches 
Arch f kiln Med 144 202-206 (June) 1924 

4 Silbert, S , Kornzweig, A L, and Friedlander, AI Thrombo-Angiitis 
Obliterans (Buerger) IV Reduction of Blood Volume, Arch Int Aled 45 948- 
957 (June) 1930 
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the body for the deteimination of the blood volume, a pioceduie which 
IS not oidinanly used Moieovei, in the determination of the hema- 
tocrit value, Q 1 cc of 20 pei cent solution of potassium oxalate was 
used, which may have deci eased the hematocrit values, as it has been 
shown that when diy potassium oxalate is used the volume of the 
erythrocytes is about 3 per cent less than when a dilute solution of 
potassium oxalate is used and collection is made m the final reading 
No valid criticism can be offered of those two vaiiations in technic, 
since they w^ere apparently used in the study of both noimal persons 
and patients with tin omboangntis obliterans 

Hoi ton and Browm repoited 1 case m which thromboangiitis obht- 
eians was associated with polycythaemia veia This was the first case 
of the twm diseases obseived at the Mayo Clinic up to that tune Nor- 
man and Allen,® in a study of 98 cases of polycythaemia vera, did not 
find any instance of thromboangiitis obliterans In a study of 35 cases 
of “relative polycythemia” they reported 5 instances of thromboangiitis 
obhteians The hematocrit values vaiied fiom 51 to 63 pei cent, and 
the blood volume varied fiom 63 to 88 cc for each kilogram of body 
weight Fnedlandei and Silbert,^ in a study of 40 cases of thrombo- 
angiitis obhteians, found increases in the total ash content, in the values 
for the total protein and calcium in the serum and in the value for 
the cholesterol in the plasma No striking abnormalities W'eie found 
in the values for the chlorides in the plasma and foi the sugar in the 
blood, and the lesults of tests foi toleiance foi sugar were normal 
These authors expiessed the opinion that there is a tendency toward 
concentration of the blood m thromboangiitis obhteians Silbert and 
Friedlander ® showed subsequently that the administration of thyroid 
increased the blood volume from 25 per cent below normal to normal 
levels in cases of thromboangiitis obliterans On cessation of adminis- 
tration of thyroid the value for the blood volume returned to the original 
level Subsequently, Friedlander, Laskey and Silbert ° observed 25 
patients who had undeigone bilateral oophoiectomy These patients 

5 Horton, B T , and Brown, G E Unusual Cases of Thrombo-Angiitis 
Obliterans Their Association with Polycythemia Vera and Traumatic Myelitis, 
M Clin North America 12 1617-1627 (May) 1929 

6 Norman, I L, and Allen, E V The Vascular Complications of Poly- 
cythemia, Am Heart J 13 257-274 (March) 1937 

7 Friedlander, M, and Silbert, S Thrombo-Angiitis Obliterans (Buerger) 
VI Chemistry of the Blood, Arch Int Med 48 500-506 (Sept ) 1931 

8 Silbert, S , and Friedlander, M Studies in Thrombo-Angiitis Obliterans 
(Buerger) VIII Effect of Thyroid Administration on Blood Volume in 
Thrombo-Angiitis Obliterans, J A M A 97 17-18 (July 4) 1931 

9 Friedlander, M , Laskey, N , and Silbert, S Reduction of Blood Volume 
Following Bilateral Oophorectomy, Proc Soc Exper Biol &. l^Ied 30 1263-1264 
(June) 1933 



ROTH ET AL— THROMBOANGIITIS OBLITERANS 


415 


were found to have an average blood ^ olume that was 25 per cent less 
than normal Coincident with this there ^^as an increase in the amount 
of cholesterol and fibrinogen in the blood plasma The}^ concluded that 
the ovaries produce some substance capable of influencing the blood 
volume Rabinowitz and Kahn found that the normal value for the 
phospholipids was 203 mg for each hundred cubic centimeters of plasma 
and that the value in cases of thiomboangiitis obliterans was 236 mg 
per hundred cubic centimeters of plasma 

MATERIAL STUDIED 

A study was made of the various components of the blood of lOS patients with 
thromboangiitis obliterans observed at the clinic, 76 of the patients w'ere gentiles 
and 29 were Jews The studies were made onh for patients wdio showed char- 
acteristic symptoms and clinical manifestations of thromboangiitis obliterans 
Patients wdio apparently had mixed arterial lesions, both degenerative and inflam- 
matory, and those whose arterial lesions were solely arteriosclciotic w'cre excluded 
from this study 

METHODS OF STUD\ 

The blood volume was determined b}' means of the Rowntree, Browm and Roth 
modification of the Keith, Rowmtree and Geraghty method All the determina- 
tions in this study as well as those reported in the monograph by Rowntree, Browm 
and Roth were made by one person (Dr Roth), w'ho has made approximately 
one thousand determinations The value for the calcium in the serum was deter- 
mined by the Clark-Collip modification of the Kramer-TisdalP'* method, the 
value for the blood urea, by the method of Van Slyke and Cullen , the value 
for tlie inorganic phosphorus in the serum, by the method of Fiske and Subbarow, 
the values for cholesterol and total fats m the plasma, by the methods of BIoor,i" 

10 Rabinowitz, H M , and Kahn, J Relationship of Phosphohpin Afetabolism 
to Thromboangiitis Obliterans and Its Treatment, Am J Surg 31 329-339 (Feb ) 
1936 

11 Rowntree, L G , Brown, G E, and Roth, G M The Volume of the Blood 
and Plasma, Philadelphia, W B Saunders Company, 1929 

12 Keith, N M , Rowntree, L G , and Geraghty, F J A Method for the 
Determination of Plasma and Blood Volume, Arch Int Med 16 547-576 (Oct ) 
1915 

13 Clark, E P , and Colhp, J B A Study of the Tisdall Method for 
Determination of Blood Serum Calcium, with a Suggested Modification, J Biol 
Chem 63 461-464 (Jan ) 1925 

14 Kramer, B , and Tisdall, F F A Simple Technique for the Determination 
of Calcium and Magnesium in Small Amounts of Serum, J Biol Chem 47 475- 
481 (June) 1921 

15 Van Sljke, D D, and Cullen, G E A Permanent Preparation of Urease, 
and Its Use in the Determination of Urea, J Biol Chem 19 211-228 (July) 1914 

16 Fiske, C H , and Subbarow, Y The Colorimetric Determination of 
Phosphorus, J Biol Chem 66 375-400 (Dec ) 1925 

17 Bloor, W R The Determination of Cholesterol in Blood, J Biol Chem 
24 227-231 (^March) 1916 , The Determination of Small Amounts of Lipid in Blood 
Plasma, ibid 77 53-73 (April) 1928 
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and the value for lecithin in the plasma, by the method of Whitehorn is -phe value 
for the serum protein was determined by the macromethod of Kjeldahl 

RESULTS 

Blood Volume — ^The total volume of whole blood was determined 
for 55 patients 40 gentiles and 15 Jews In 2 cases a limb had been 
amputated For the entire group the volume of blood vaiied from 
4,305 to 7,113 cc , and for each kilogram of body weight it varied from 
59 to 109 cc The respective averages were 5,541 and 80 2 cc The 
blood volume of the Jews vaiied from 4,305 to 7,113 cc , and for each 
kilogram of body weight it varied from 59 to 97 cc The respective 
averages weie 5,234 and 741 cc The blood volume of the gentiles 
varied from 4,420 to 6,645 cc , and for each kilogram of body weight 
it varied from 61 to 109 cc The respective averages were 5,670 and 
82 8 cc (table 1 ) 


Table 1 — Aveiage Hcmatoait Value and Blood Volume m Thomboangniis 

Obhtej avs 




Hemato 


Blood 



Plasma 


No 

ot Weight, Height, 

Cases Race Kg Cm 

Value, 

per 

Cent 

Vol 

ume, 

Cc 

Cc 

per 

Kg 

Cc 

per 

SqM 

Vol 

ume, 

Cc 

Cc 

per 

Kg 

Cc 

per 

SqM 

55 Gentiles and Jeivs 66 8 

40 Gentiles 67 8 

15 Jews 65 0 

7 02 

69 2 

72 6 

46 6 

40 7 

461 

5,541 

5,670 

6,234 

802 
82 8 
74 1 

3,053 

3,165 

2,950 

2,941 0 
2,995 9 
2,810 0 

42 8 

44 0 

39 9 

1,6420 
1,665 0 
1,586 8 


In contrast with these figures are the values for the total blood 
volume when this same group of patients, irrespective of nationality, 
was divided into three groups according to body build The first group 
included the patients who were overweight, the second group included 
those who were of standard weight and the third group included those 
who were underweight Classification of these groups was made as 
follows The patients who were considered of standard weight were 
those whose weight, taking into consideration sex, height and age, varied 
less than 10 per cent from the actuarial figures commonly in use The 
patients who were underweight and overweight were those whose 
weights varied more than 10 per cent from the actuarial figures The 
blood volume of the underweight patients varied from 4,305 to 6,394 
cc , and for each kilogram of body weight it varied from 69 to 109 cc 
The respective averages were 5,331 and 91 cc (table 2) The blood 
volume of the patients of noimal weight varied fiom 4,035 to 6,850 cc , 
and for each kilogram of body weight it varied from 59 to 101 cc The 

18 Whitehorn, J C A Method for the Determination of Lipoid Phosphorus 
in Blood and Plasma, J Biol Chem 62 133-138 (Nov ) 1924 
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respective averages were 5,496 and 78 6 cc (table 3) The blood vol- 
ume of the patients who vere overweight varied from 4,361 to 7,113 
cc , and for each kilogram of body weight it varied from 54 to 84 cc 


Table 2 — Hematocnt Values and Blood Volume fot Undcrwcighi Patients 


Hemato Blood Plasma 

frit. ■ " V i' " ■ 






ent 

Value, 

/ 

Cc 

Cc 

f 

Cc 

Cc 


Age, 

V eight, 

Height, 

per 

Volume, 

por 

per 

Volume, 

per 

per 

Case 

Vr ■ 

As 

Cm 

Cent 

Cc 

Kg 

Sq M 

Cc 

Kg 

Sq M 

1 

44 

G1 

08 

47 

6,062 

99 

3,590 

3,233 

53 

1,890 

2 



CC 

48 

5,118 

91 

3,160 

2,060 

48 

1,010 

3 

42 

G3 

CC 

41 

5,895 

94 

3,388 

3,478 

DO 

i,yyy 

4 

30 


71 

45 

5,545 

So 

3,047 

3,050 

47 

1,676 


44 

57 

70 

44 

5,282 

93 

3,107 

2,958 

52 

1,740 

G 

43 

CO 

C7 

46 

4,873 

81 

2,901 

2,632 

44 

1,567 

7 

34 

4G 

CC 

58 

5,660 

109 

3,605 

2,375 

46 

1,513 

8 

45 

CC 

70 

44 

4,560 

69 

2,519 

2,326 

35 

1,285 

9 

37 

Cl 

07 

50 

4,654 

78 

2,738 

2,327 

38 

1,309 

10 

49 

GO 

G9 

43 

5,470 

91 

3,199 

3,115 

43 

1,822 

11 

29 

57 

C8 

3G 

5,800 

102 

3,473 

3,715 

65 

2,225 

12 

38 

G3 

C8 

53 

6,394 

102 

3,675 

3,005 

48 

1,727 

13 

4G 

>7 

64 

46 

6,092 

105 

3,808 

3,290 

57 

2,056 

14 

38 

57 

68 

45 

4,670 

82 

2,800 

2,505 

45 

1,535 

15 

25 

54 

CC 

47 

4,920 

91 

3,075 

2,605 

48 

1,627 

IG 

29 

50 

C3 

43 

4,305 

86 

2,851 

2,454 

49 

1,625 

Average 3S 0 

58 3 

C7 3 

46 

5,331 

91 1 

3,183 

2 862 

48 3 

1,704 


Table 3 — Hematocrit Values and Blood Volume of Patients of Noimal Weight 
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Cc 
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Cc 
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Height, 

per 

Volume, 
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per 

Volume, 

per 

per 

Case 

Yr 

Kg 

Cm 

Cent 

Cc 

Kg 

SqM 

Cc 

Kg 

SqM 

1 

51 

76 

68 

46 

5,960 

79 

3,185 

3,215 

43 

1,718 

2 

38 

65 

64 

43 

4,420 

67 

2,600 

2,500 

39 

1,470 

3 

41 

83 

69 

46 

5,929 

71 

3,060 

3,197 

39 

1,620 

4 

43 

69 

66 

48 

5,005 

73 

2,796 

2,603 

38 

1,454 

5 

39 

70 

68 

42 

5,754 

82 

3,162 

3,337 

48 

1,833 

6 

42 

90 

72 

44 

6,201 

69 

2,925 

3,477 

39 

1,640 

7 

35 

73 

08 

43 

5,763 

79 

3,115 

3,285 

43 

1,776 

8 

35 

65 

69 

42 

5,930 

91 

3,350 

3,435 

53 

1,941 

9 

44 

71 

69 

49 

6,205 

88 

3,409 

3,170 

45 

1,741 

10 

24 

68 

67 

50 

5,394 

70 

2,932 

2,697 

40 

1,466 

11 

35 

69 

60 

51 

4,996 

71 

2,823 

2,448 

35 

1,383 

32 

40 

59 

63 

51 

5,413 

92 

3,426 

2,652 

45 

1,678 

13 

53 

70 

GO 

57 

5,114 

73 

3,080 

2,199 

31 

1,325 

14 

27 

58 

66 

49 

5,100 

88 

3,091 

2,599 

46 

1,575 

I") 

47 

SO 

71 

42 

5,840 

73 

2,935 

3,385 

42 

1,701 

IG 

So 

78 

68 

51 

6,645 

86 

3,500 

3,265 

43 

1,715 

17 

23 

68 

70 

44 

6,850 

101 

3,723 

3,840 

56 

2,087 

18 

54 

71 

64 

41 

5,001 

70 

2,825 

2,950 

42 

1,667 

10 

25 

59 

64 

47 

4,422 

75 

2,730 

2,345 

40 

1,448 

20 

39 

70 

63 

44 

4,035 

59 

2,970 

2,219 

32 

1,661 

21 

99 

49 

CC 

66 

47 

4,840 

73 

2,813 

2,565 

40 

1,491 


47 

76 

G7 

45 

5,310 

70 

2,855 

2,920 

38 

1,570 

23 

53 

65 

63 

51 

5,750 

88 

3,464 

2,820 

44 

1,699 

24 

47 

G2 

50 

50 

6,020 

97 

3,562 

3,010 

49 

1,781 

Average 40 3 

70 

601 

46 8 

5,496 

78 6 

3,097 

2,922 

421 

1,643 


The lespective averages were 5,857 and 70 6 cc The hematocrit values 
of the entile group studied varied from 40 to 58 per cent, the average 
was 46 5 per cent (table 1) There was no significant difference in 
the values for Jevs and gentiles (461 and 46 7 per cent, respectively, 
table 1) or for the subjects who were of normal weight, overweight 
or underweight (46 8, 46 6 and 46 per cent, respectn ely , tables 2 to 4) 



418 


ARCHIVES OF INTERNAL MEDICINE 


Seuim Calcmin — The values for serum calcium were determined 
for 55 patients, 41 gentiles and 14 Jews The average ages of the 
gentiles and of the Jews were 37 8 and 39 2 years, respectively No 
significant vaiiation from normal was found (table 5) 

Inorgamc Phosphorus — The values for inorganic phosphorus were 
determined for 50 patients, 38 gentiles and 12 Jews The average ages 

Table 4 — Hematoci it Value and Blood Volume of Ovetzueight Patients 


Hemato Blood Plasma 

prit* A A 



Age. 

Weight, Height, 

Value, 

per 

Volume, 

Cc 

per 

Cc 

per 

Volume, 

Cc 

per 

Cc 

per 

Case 

Ir 

Rg 

Cm 

Cent 

Cc 

Kg 

SqM 

Cc 

Kg 

SqM 

1 

48 

77 

64 

51 

5,470 

71 

3,020 

2,680 

35 

1,480 

2 

34 

77 

76 

47 

6,075 

5,305 

79 

2,975 

3,220 

42 

1,576 

3 

34 

82 

69 

45 

65 

2,093 

2,920 

3,607 

30 

1,480 

4 

43 

77 

67 

44 

6,441 

5,950 

84 

3,447 

47 

1,915 

3 

51 

79 

67 

50 

76 

3,132 

2,975 

38 

1,566 

6 

42 

84 

62 

51 

6,919 

82 

3,740 

2,542 

41 

1,374 

7 

42 

91 

69 

47 

5,562 

61 

2,710 

2,948 

32 

1,436 

1,834 

8 

44 

78 

67 

40 

5,810 

75 

3,058 

3,485 

44 

9 

49 

96 

69 

48 

6,280 

06 

2,845 

3,265 

34 

1,502 

10 

35 

77 

66 

47 

5,996 

78 

3,220 

3,178 

41 

1,707 

11 

44 

81 

68 

48 

4,361 

54 

2,260 

2,268 

28 

1,175 

1,619 

12 

35 

79 

64 

43 

5,270 

67 

2,849 

2,995 

38 

13 

52 

78 

66 

48 

5,450 

70 

2,914 

2,830 

36 

1,513 

14 

44 

120 

67 

44 

7,113 

60 

3,161 

3,983 

84 

1,770 

Average 42 7 

84 

67 2 

46 6 

5,857 

70 6 

3,002 

3,064 

37 0 

1,568 


Table 5 — Values foi Calcium, Inoigamc Phosphorus, Cholesterol, Lecithin, Fatty 
Acids and Total Lipoids in Thiomboangntis Obliterans 


Inorganic 

Phosphorus, 

Calcium, Mg Mg per Bipoids, Mg per 100 Cc of Plasma 

per 100 Cc 100 Cc of , — , 

of Serum Serum Cholesterol Lecithin Patty Acids Total Lipoids 

Aver Aver Aver Aver A\ er Aver 

Patients age Range age Range age Range age Range age Range age Range 


Total 10 3 8 811 7 8 5 2 5-4 5 192 4 102 273 244 0 182 365 377 5 194 003 563 8 360 871 

Gentiles 10 1 8 8116 3 4 2 5-4 4 184 4 102 273 236 0 182 312 371 6 194-603 549 8 360-871 

Jews 10 8 9 7 11 7 3 6 2 8 4 5 215 6 133 273 274 6 208-365 395 3 2S0-497 005 6 413 770 


of the two groups of patients weie 37 8 and 39 2 years, respectively 
No significant variations from normal were found (table 5) 

Lipoids — The values foi the plasma cholesterol were determined 
for 43 patients, 32 gentiles and 11 Jews (table 5) The concentration 
of lecithin in the blood plasma was determined foi 24 patients, 19 
gentiles and 5 Jews (table 5) The values for the fatty acids and total 
lipoids in the blood plasma were determined foi 36 patients, 27 gentiles 
and 9 Jews (table 5) The average ages of the patients m the two groups 
were 37 4 and 40 8 years, respective!) 

Blood Uiea — The concentration of uiea in the blood was detei- 
mined m 40 cases The average value was 26 9 mg per hundied cubic 
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centimeters of blood, and the values ranged from 14 to 46 mg per 
hundred cubic centimeters These values are considered normal 

Scuim Protein — The values for the serum protein were determined 
in 12 cases The average \alue was 6 4 Gm per hundred cubic centi- 
meters, and the values ranged from 5 to 8 7 Gm per hundred cubic 
centimeters These are considered normal values 

COMMENT 

Our studies indicate that the values for the blood urea, serum cal- 
cium, protein and inorganic phosphorus are normal in cases of thrombo- 
angiitis obliterans The average hematocrit value (46 5 per cent) in 
54 cases was near the upper limits of normal, but the hematocrit value 
exceeded 50 per cent in only 9 instances In a study of 49 normal 
men of various body build, Rowntree, Brown and Roth found that the 
hematocrit value varied from 36 to 47 per cent, the average was 42 
per cent Howe\ er, Haden said that a normal erythrocyte count of 
5,000,000 per cubic millimeter of blood gives a hematocrit value of 
48 per cent The difficulty in evaluating the significance of oui figures 
IS chiefly one of accepting a normal value for purposes of comparison 
Certainly, many of the values determined can be accepted as normal, 
and the significance of those which seem somewhat greater than normal 
can be challenged chiefly because they he so close to the normal range 
One conclusion seems entirely warranted, namely, there are no charac- 
teristic changes in the hematocrit value in cases of thromboangiitis 
obliterans 

The average value which we have found for the blood volume for 
each kilogram of body weight (91 1 cc ) for patients who were under- 
weight agrees with the average figure (92 cc ) determined for under- 
weight patients by Rowntree, Brown and Roth However, a rariation 
m the value for patients of normal weight (78 6 cc for each kilogram 
of body weight) is less than that (89 1 cc for each kilogram of body 
weight) found for patients of similar body build by Rowntree, Brown 
and Roth Moreover, the values obtained in our studies of this group 
were less than the average values found by Rowntree, Brown and Roth 
for 20 of the 24 patients This finding seems perhaps more significant 
when one considers that the average weight of our group of patients 
(70 Kg ) was about the same as that of the normal persons (69 1 Kg ) 
studied by Rowntiee, Brown and Roth The average values for the 
blood volume of the orerweight patients m our cases was 70 6 cc per 
kilogram of body weight, the ralue for patients of similar body build 
who were studied by Rowntree, Brown and Roth was 81 8 cc In 12 
of our 14 patients in this group the value was less than the average 

19 Haden, R L Accurate Criteria for Differentiating Anemias Arch Int 
Med 31 766-780 1923 
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determined by Rowntiee, Brown and Roth However, the average 
weight for our group (84 Kg ) was substantially greatei than that of 
the patients studied by Rowntree, Brown and Roth, which was 77 6 Kg 
It is apparent that no far reaching conclusions may be drawn from 
these studies, for the blood volume of underweight patients who have 
thromboangiitis obliterans appears noimal while that of patients of nor- 
mal weight and those who are overweight appears to be decreased 
Certainly, the conclusion advanced by Friedlander and Silbert, that 
the blood seems to be concentrated in tin omboangiitis obliterans, seems 
on a none too secure basis Since thromboangiitis obliterans causes 
occlusion of aiteiies and veins, the explanation for a deciease in the 
blood volume in many cases may he m the diminished volume of the 
vascular tiee lather than in concentration of the blood Silbert, Korn- 
zweig and Fiiedlander considered this possibility and appaiently elimi- 
nated it by finding normal blood volumes in cases in which occlusive 
arterial disease was the result of arterioscleiosis However, it must 
be kept m mind that veins aie not occluded in ai terioscl erotic disease 
but that they may be occluded in thromboangiitis obliterans It is well 
known fiom anatomic and artenographic studies (Allen and Barker “°) 
that the veins of the extremities occupy much more space than do the 
arteiies and that a disease which occludes both arteries and veins might 
cause a discernible reduction in blood volume, while one which involves 
aiteiies alone might not do so It is true, ceitamly, that many patients 
who have chaiacteristic thromboangiitis obliteians have a normal blood 
volume, this obseivation alone casts some doubt on the assumption that 
diminished blood volume is an integial pait of thromboangiitis 
obliterans 

Studies of the concentration of cholesterol in the plasma of normal 
pel sons have demonstrated a gieat variation and a wide range Denis,^’- 
Bloor,^" Brugei and Poindextei McGee,-^ Boyd and Page and his 

20 Allen, E V , and Barker, N M Roentgenologic Visualization of the 
Veins of the Extremities Preliminary Description of a Method, Proc Staff Meet , 
Mayo Chn 9 71-74 (Jan 31) 1934 

21 Denis, W Cholesterol in Human Blood Under Pathological Conditions, 
J Biol Chem 29 93-110 (Feb ) 1917 

22 Bloor, W R The Distribution of the Lipoids (“Fat”) in Human Blood, 
J Biol Chem 25 577-599 (July) 1916 

23 Bruger, M , and Poindexter, C A Relation of Plasma Cholesterol to 
Obesity and to Some of the Complicating Degenerative Diseases (Diabetes Mellitus, 
Essential Hypertension, Osteo-Arthritis and Arteriosclerosis), Arch Int Med 
53 423-434 (March) 1934 

24 McGee, L Blood Cholesterol in Disturbances of Basal Metabolic Rate, 
Ann Int Med 9 728-738 (Dec) 1935 

25 Boyd, EM A Differential Lipid Analysis of Blood Plasma in Normal 
Young Women by Micro-Oxidative Methods, J Biol Chem 101 323-336 (June) 
1933 
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co-workers found that the range of normal values was 150 to 260 mg 
per hundred cubic centimeters Page, Kirk, Lewis, Thompson and Van 
Slyke,^' who used a gasometiic method of deteimination, found a mean 
value of 232 mg per hundied cubic centimeteis Bruger and Poin- 
dexter indicated that the lange between 230 and 250 mg is suggestive 
of h} percholesteremia In a study of 32 normal persons we found 
that the aveiage value was 180 8 mg per hundred cubic centimeters 
and that the range was from 135 to 262 mg per hundred cubic centi- 
meters In only 2 of the 43 cases of thiomboangiitis obliterans wdiich 
we studied did the values for cholesterol exceed the highest values found 
in oui study of noimal peisons De Langen reported a senes of 
observations made for natives of Java, China, Japan and India The 
cholesterol content of the blood of these natives w^as found to average 
40 to 50 pel cent less than that of the blood of Euiopeans This coi- 
responded closely wuth the diet of the natives, which is poor in choles- 
terol, a customary featuie m their respective countries Bloor also 
said that the greatest single factoi influencing the concentration of the 
lipids in the plasma appeals to be diet, particularly the amount of fat 
which the food contains 

The question aiose as to whether theie is any gieat ditfeience in the 
diet of gentiles and Jews, and if so, whether it is sufficient to produce 
a significant increase in the cholesteiol content of the plasma Wheieas 
in our study of patients with thiomboangiitis obliterans the aveiage 
value foi the cholesterol in the plasma of Jews was 31 2 mg per hundred 
cubic centimeteis higliei than that of the gentiles, the values were still 
wnthm normal limits Hypeicholesteremia has been lepoited to be 
associated wuth obesity, however, in most instances the obesity w’’as 
complicated by some degeneiative disease In other instances normal 
values hare been reported for cholesterol Biuger and Poindexter in 

II pel cent of 53 cases of uncomplicated obesity found that the value 
for cholesterol was more than 250 mg per hundied cubic centimeteis 
of plasma McGee obsened noimal values in 20 cases of obesity In 
our gioup of cases in rvhich thromboangiitis obliterans was associated 
with obesity, the aveiage value foi cholesterol was 180 mg per hundred 
cubic centimeters of plasma, the ralues ranged from 102 to 273 mg 

26 Page, I H , Pasternack, L, and Burt, M L Ueber den Transport von 
Fctten und Lipoiden durch Blut nach Oeleingabe, Biochem Ztscbr 223 445-456, 
1930 

27 Page, I H , Kirk, E , Lewis, W H, Jr , Thompson, W R, and Van 
Shke, D D Plasma Lipids of Normal Aten at Different Ages, J Biol Chem 

III 613-639 (No^ ) 1935 

28 de Langen C D Lchanges chclestenniques et pathologic de la race 
Prcsse med 24 332-333 (July 27) 1916 

29 Bloor, W R Diet and the Blood Lipids, Proc Soc Exper Biol &- Afed 
28 701-702 (Feb) 1931 
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per hundred cubic centimeters Obesity apparently did not influence 
the cholesterol values 

In our cases of thromboangiitis obhteians the average value for 
lecithin per hundred cubic centimeters of plasma was 38 6 mg higher 
for the Jewish patients than it was for the gentiles, but the average 
values for both groups of patients were within normal limits 

Page and his co-workeis repoited that the average value for fatty 
acids m the plasma of normal persons was 360 1 mg per hundred cubic 
centimeters and that the values ranged from 234 1 to 490 7 mg per 
hundred cubic centimeters Man and Gildea leported an average 
value of 363 8 mg per hundred cubic centimeters but a slightly higher 
range of 287 6 to 451 mg per hundred cubic centimeteis In our study 
of patients with thromboangiitis obliterans we found that the average 
value for fatty acids for Jewish patients was 23 7 mg per hundred 
cubic centimeters of plasma higher than it was for gentile patients In 
our study of 36 patients with thromboangiitis obliterans, a value for 
fatty acids m excess of that given as the upper normal limit by Man 
and Gildea was found m only 9 cases The average value of 377 mg 
per hundred cubic centimeters obtained in our study is slightly m excess 
of the average of 360 mg found by Page and his co-workers and the 
average of 363 mg found b> Man and Gildea m a study of normal 
persons 

Valuation of our studies of the cholesterol and fatty acids in the 
plasma m cases of thromboangiitis obliterans is handicapped by the 
uncertainty as to what constitutes normal values and also by the wide 
range of normal values Certainly, our figures vary little from the 
values considered normal, and while in some instances our -values defi- 
nitely exceed those given for normal persons, m most instances they he 
well within the accepted normal range Since this is true, we can say 
unequivocally that there is no characteristic change in the concentration 
of cholesterol or fatty acids in the plasma of patients with thrombo- 
angiitis obliterans 

SUMMARY 

The values for serum calcium, serum protein, blood uiea, seium 
lecithin and serum phosphorus were found to be within normal limits 
m oui study of the blood m cases of thromboangiitis obliterans In 
most instances the blood volume, hematocrit value and concentration 
of fatty acids and cholesteiol in the plasma weie found to be noimal 
In some instances the blood volume was slightly deci eased, and the 
hematocrit value and the concentration of fatty acids and cholesterol in 
the plasma were slightly increased We doubt the significance of these 
findings, since they are inconstant findings in thromboangiitis obliterans 

30 Man, E B , and Gildea, E F The Effect of the Ingestion of a Large 
Amount of Fat and of a Balanced Meal on the Blood Lipids of Normal Man, 
J Biol Chem 99 61-69 (Dec ) 1932 
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The fiist desciipUon of bilateral cortical iieciosis of the kidneys 
IS accredited to Juhel-Renoy,^ of France (1886) The condition is 
raie, the literature containing reports of about 70 cases Reviews 
of the liteiature have been made by Scriver and Oeitel “ (1930), Ash ^ 
(1933) and Evans and Gilbert^ (1936) 

Bilateial cortical neciosis of the kidneys is so named because at 
autopsy both kidneys show more or less extensive neciosis of the 
coitex Grossly the necrotic cortex is reddish yellow and soft, closely 
lesemblmg a fresh infarct in appearance and consistency Howevei, 
the involved area does not have the shape of an infarct but has 
the shape of the cortex even to the point of involving the columns of 
Bertiii Only a thin layer of coitex adjacent to the capsule and the 
pyramids is spaied The necrosis is more or less patchy The cortical 
^essels also aie neciotic and contain thiombi, the composition, dis- 
ti ibution, origin and significance of which are the cause of much debate 
The liver usually shows cloudy swelling, in some cases, more especially 
those 111 which the condition is associated with dioxane poisoning, there 
IS cential neciosis of the hvei 

The etiology of bilateral coitical neciosis of the kidneys has been 
the subject of much investigation As far as can be detei mined, the 
condition aftects pieviousl) noimal kidneys In the majority of cases 
theie has been the complication of pregnancy, often associated with 

From tiie Department of Medicine and the Department of Pathology, Cle\e- 
land Cit} Hospital and Western Reserve Universit} 

1 Juhel-Renot, E De I’anurie precoce scarlatineuse, Arch gen de med 
17 385-410, 1886 

2 Scrner, W de M, and Oertel, H Necrotic Sequestration of the Kidners 
m Pregnancy ( Sjnnmetrical Cortical Necrosis) Clinical and Anatomic- 
Pathogenetic Stud}, J Path & Pact 33 1071-1094 (Oct) 1930 

3 Ash, J E Bilateral Cortical Necrosis of the Kidnejs (Angioneurotic 
Anuria), Am T AI Sc 185 71-86 (Jan) 1933 

4 EAans, N, and Gilbert E W Sjmmetncal Cortical Necrosis of the 
Kidne\s Report of a Case Am J Path 12 553-560 (Juh) 1936 
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antepaitum hemoirhage In other instances the condition has been asso- 
ciated with infectious diseases, trauma, the intiavenous use of camphor 
and dioxane poisoning In several cases no other disease has been 
demonstrable Persons from 13 to 65 years of age have been affected, 
the average age being 32 (E\ans and Gilbert) ^ 

The pathogenesis of the condition is obscure It is generally agreed 
that there is a disturbance of the vascular supply of the cortex, but 
whethei this is due to multiple emboli, piessure, thrombosis, arteiitis, 
necrosis of vessels or vascular stasis is not settled 

The clinical picture in cases of bilateral cortical necrosis of the 
kidneys is fairly characteristic As has been stated, the disease usually 
occurs m pregnant women, most commonly during the latter part of 
pregnancy In a lesser numbei of cases the disease affects males oi 
nonpiegnant females The onset is usually sudden The paramount 
symptom is anuria Of lesser diagnostic import are headache, nausea, 
vomiting and epigastric pain and occasionally edema and convulsions 
The urine, if any is passed, contains albumin and casts, and occasionally 
blood and pus The blood pressure usually remains normal but may 
go up or down There is retention m the blood of nitrogenous products 

In the diffeiential diagnosis, nephritis, renal infarction and bilateral 
ureteral occlusion are to be considered In nephritis the onset is more 
gradual, anuria is less common and the course is usually less dramatic 
Renal infarction is moie likely to be accompanied by pain, the anuria 
is not so constant and there usually is evidence of associated cardio- 
rascular disease Bilateral ureteral obstruction can be differentiated 
by careful urologic examination 

Bilateral cortical necrosis is usually fatal However, a few cases of 
supposed bilateral involvement with recovery are repoited The treat- 
ment usually consists of the intravenous administration of dextrose 
and the forcing of fluids 

Three cases of bilateral cortical necrosis of the kidneys have been 
encountered at the Cleveland City Hospital m the past four years 
These cases are of particular interest because the condition was not 
associated with pregnancy and because in all 3 cases it was associated 
with severe central necrosis of the liver 

REPORT OF CASES 

Case 1 — G P , a 40 year old Hungarian laborer, entered the Cleveland City 
Hospital on July 20, 1933, with a complaint of pain in the stomach of two days’ 
duration He stated that on July 18 (two days before entry) he drank an 
undetermined amount of "almond extract” A few hours later diffuse abdominal 
pain and complete anuria developed 

Physical examination showed the patient to be seriously ill, the respiration was 
rapid and deep, and the temperature was normal The optic disks were edematous 
There were rales at the bases of both lungs An apical systolic murmur was 
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audible The blood pressure was 132 sistolic and 68 diastolic The abdomen was 
diffusely tender, and the edge of the Iner was palpable 5 cm below the costal 
margin 

By catheterization no urine was obtained The \alue for urea nitrogen ^\as 
140 mg per hundred cubic centimeters of blood, the ^alue for creatinine uas 
14 5 mg The icteric index was 27 The carbon dioxide-combining pou er 
was 9 volumes per cent The Wassermann reaction of the blood was 4 plus, 
the Kline test of the blood gave a negative reaction The leukocytes numbered 
14,500 per cubic millimeter The red blood cell count and tliQ hemoglobin value 
were normal 

The patient remained anuric, became progressive!} lethargic and died eighteen 
hours after admission to the hospital 

The clinical diagnosis w'as acute toxic hepatitis and acute toxic nephritis due 
to poisoning, with terminal bronchopneumonia 

The autopsy was performed two hours after death The body was that of 
a w^ell nourished man w'hose external features were not remarkable There w'as 
no peripheral edema 

None of the body cavities contained an excess of fluid 

The lungs revealed bronchopneumonia, greatest m extent in the lower lobe 
of the right lung 

The liver weighed 2,600 Gm Its edges were rounded and extended 
4 cm below the costal margin in the midclavicular line on the right The 
capsule was thin, smooth and glistening The cut surface bulged, it was bloody 
and of uniform tan color and the architecture was obscured Aficroscopic exami- 
nation showed severe central necrosis, in the necrotic areas the cells had lost 
their normal architecture, the nuclei were pyknotic or absent, the cytoplasm was 
granular and the cells had the appearance of “ghosts” of hepatic parenchyma 
The periphery of each lobule showed early parench 5 'matous degeneration The 
prominent feature was the absence of any cellular reaction or of proliferation 
of bile ducts 

The kidneys were similar They were enlarged, and the capsule stripped with 
ease, leaving a smooth surface that was mottled, the color varying from reddish gray 
to purplish red The cortex and the pyramids were well demarcated The former 
measured 6 mm and the latter 23 mm m thickness The cortical striations were 
seen only in scattered areas The intervening areas consisted of purplish red 
amorphous tissue, portions of which were yellowish white There was a narrow 
hyperemic and hemorrhagic zone between the cortex and the pyramids These 
same changes were more extensive in the columns of Bertin The renal pelvis 
was not unusual 

Microscopic examination revealed a patchy distribution of cortical necrosis, 
each area resembling a bland infarct Both the tubular and the glomerular 
structures showed complete degeneration and loss of structure Between these 
areas of necrosis the cortex was not abnormal About each area W'as evidence 
of moderate poljmorphonuclear reaction There was a zone of hemorrhage 
between the cortex and the pyramids About half the arteries in the necrotic 
aiea show'ed necrosis of their walls and thrombosis 

The other organs were not abnormal 

Case 2 — J I\I , a 53 vear old housewife, was admitted to the Cleveland City 
Hospital on April 24, 1936 She was unconscious Her relatives stated that she 
had been in good health until six days before entry when anuria and intractable 
nausea and vomiting developed These symptoms were associated with con- 
tinuous epigastric pain which radiated through to the back The patient became 
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increasingly drowsy and finally comatose She was said to have had hypertension 
for several years She was a chronic alcoholic addict but had had no liquor for 
four days prior to the onset of her illness 

Examination showed the patient to be dying The fundi showed slight vas- 
cular disease The blood pressure was 160 systolic and 85 diastolic The heart 
and lungs were normal The edge of the liver was palpable 6 cm below the 
costal margin The skin was not icteric 

Catheterization yielded 4 cc of urine This was light amber and showed an 
alkaline reaction,, it contained albumin of grade 3 Microscopically the uncen- 
tnfuged specimen showed 20 to 30 white blood cells and an occasional red blood 
cell per high power field The benzidine test for blood in the urine gave a 
negative reaction The stool was normal in appearance, it contained bile and 
gave a negative reaction with the benzidine test Blood culture showed no 
growth The value for urea nitrogen was 227 6 mg per hundred cubic centi- 
meters of blood, the value for creatinine was 12 6 mg The Kline and the 
Wassermann test of the blood both showed a 4 plus reaction 

The patient died forty-five minutes after admission to the hospital The 
clinical diagnosis was uremia of undetermined origin 

The autopsy was performed eighteen hours after death The body was that 
of a well developed woman whose external features were not remarkable There 
was no peripheral edema 

The heart weighed 275 Gm There was typical syphilitic aortic valvulitis with 
widening of the commissures The aorta showed marked syphilitic aortis through- 
out the thoracic portion The intima was scarred, and there were several small 
aneurysms which bulged outward 2 to 3 mm Microscopic examination revealed 
the characteristic perivascular plasma cell infiltration and increased vascularity 
of the media 

The liver weighed 1,600 Gm The capsule was thin, smooth and glistening 
Beneath the capsule were numerous small petechiae, which were most numerous 
over the anterior surface of the right lobe The cut surface of the liver was a light 
tan and showed an occasional small hemorrhage The architecture was obscured 
Microscopic examination revealed severe central necrosis, as was seen in case 1 
Again the absence of evidence of cellular reaction was noted 

The gallbladder contained two small calculi, but there was no obstruction of 
the ducts 

Each kidney weighed 175 Gm and measured 11 5 by 5 5 by 4 cm The capsules 
contained small areas of yellow tissue and stripped with ease, leaving a smooth 
surface which showed dilated veins and patch 3 ' areas with a hemorrhagic appear- 
ance There were other areas that were j'ellow, but these were not sharply 
demarcated from the surrounding renal tissue 

On the cut surface the pyramids were normal, but the cortex showed yellow 
areas and surrounding hyperemia and hemorrhage The cortex was not thickened, 
measuring 6 mm The changes involved the columns of Berlin The pelvis 
was not remarkable Microscopic examination revealed large areas of necrosis 
involving tubules and glomeruli and showing both hyperemia and hemorrhage 
Surrounding these was evidence of moderate polymorphonuclear reaction The 
areas between the necrotic portions were not abnormal The arteries also showed 
necrosis of their walls and some thrombosis This involved nearlj' all the arteries 
seen in the areas of necrosis 

Case 3 — J B , a 24 year old man, entered the Cleveland City Hospital on 
Alay 21, 1937, with a complaint of vomiting He had been in good health until 
five days before admission to the hospital, when generalized abdominal cramps 
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developed The following day nausea and vomiting developed, and on one occa- 
sion he vomited some digested blood The day before entry he passed a tarry 
stool A little urine had been voided, but the exact amount was not known 
The patient was a chronic alcoholic addict but supposedly had not had any 
liquor for several months 



Fig 1 (case 3) — Central necrosis, the “ghost” appearance of the parenchymal 
cells and the early degenerative changes in the peripheral zones of the liver are 
shown There is an absence of any evidence of cellular reaction , X 600 

Examination showed a well nourished, normally developed semicomatose man 
He was obviously seriously ill The optic disks were edematous The lungs 
and heart were normal The blood pressure was 160 systolic and 88 diastolic 
The edge of the liver was palpable 5 cm below the costal margin The skin 
was not icteric 

The leukocytes numbered 45,000 per cubic millimeter Differential counts 
showed 95 per cent polymorphonuclear neutrophils and 5 per cent lymphocytes 
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Catheterization yielded 2 cc of urine Microscopical])^ the uncentrifuged speci- 
men showed a moderate number of granular and hyaline casts, occasional red 
blood cells and 20 to 30 white blood cells per high power field The value for 
urea nitrogen was 2461 mg per hundred cubic centimeters of blood, the value 
for creatinine was 14 5 mg ’ The reaction to the benzidine test for blood in the • 
stools was 4 plus The Kline test of the blood gave a negative reaction 

The patient rapidly became comatose, he remained anuric and died ten hours 
after admission to the hospital 



Fig 2 (case 3) — A cut surface of the kidney showing the irregular necrosis 
of the entire cortex extending into the columns of Bertin The hemorrhagic zone 
sharply demarcates the cortex from the pyramids The pelvic mucosa shows 
small hemorrhages 

The clinical diagnosis was uremia of undetermined origin 

The autopsy was performed five hours after death The body was that of 
a well nourished man whose external features were not remarkable There was 
no peripheral edema 

There was 500 cc of seious fluid m the peiitoneal cavity but no pleural or 
pericardial effusion 

The lungs showed aspirated blood distributed in symmetric band-shaped zones 
throughout the subapical regions 
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The liver weighed 2,250 Gm The edges extended 5 cm below the costal 
margin in the midclavicular line and were rounded The capsule was thin, smooth 
and glistening except for a few fibrous tags on the superior and anterior surfaces 
The liver was moderately soft, and it cut with decreased resistance The cut 
surface bulged but was not greasy or bloody The central lobular areas were 



Fig 3 (case 3) — Complete degeneration of a glomerulus and thrombosis of 
the afferent arteriole The section also contains a normal glomerulus , X 350 


reddish brown and depressed, whereas the peripheral areas were grayish yellow 
and elevated Alicroscopic examination revealed the same features as those 
seen in the first 2 cases, namely, severe central necrosis without evidence of 
cellular reaction (fig 1) Staining revealed the absence of both fat and glycogen 
in the areas of necrosis 

The kidneys were similar Each weighed 200 Gm and measured 12 by 6 by 
45 cm The capsule was thickened, and it stripped with slight difficulty Within 
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the capsule were dilated veins and small irregular hemorrhages The surface of 
the kidney was smooth The color varied , there were areas, irregular in shape, 
that were dark purple and hemorrhagic, surrounded by areas that were yellow 
and homogeneous They were not sharply demarcated, and they faded into each 
other The organ cut with the usual resistance, and the cut surface bulged con- 
siderably The cortex and the pyramids were sharply demarcated, the former 



Fig 4 (case 3) — Necrosis of the wall and an organizing thrombus of a renal 
interlobular artery, X 250 


measured 6 mm in thickness and the latter 20 mm This was accentuated by two 
factors first, the light color of the cortex, which varied fiom tan to bright 
yellows and, second, by the narrow, dark, hemorrhagic zone which followed the 
border of the cortex and the pyramids The changes in the cortex involved the 
columns of Bertin and obscured the usual architecture The changes in the cortex 
were not uniform The yellow tissue was homogeneous, and the pinpoint areas 
representing glomeruli could not be made out There were irregularly placed 
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patchy areas of hemorrhagic appearance The /one of hemorrhage along the 
corticopyramidal border varied from 1 to 4 mm m thickness The pyramids 
were not unusual The pelvic mucosa showed numerous small hemorrhages 
(fig 2) Aficroscopic examination revealed small hemorrhages in the capsule 
with polymorphonuclear infiltration This infiltration bordered the periphery 
of the cortex, both near the capsule and near the pyramids The cortex itself 
showed complete loss of cellular structure, so that only the “ghosts” of the 
cells remained and involved both the glomeruli and the tubules (fig 3) There 
was a narrow zone near the pyramids wherein the glomeruli showed much less 
pathologic involvement, but they were few In the zone of hemorrhage the 
arteries showed necrosis of their walls and conglutination of red blood cells in 
their lumens (fig 4) About half the arteries showed varying degrees of throm- 
bosis Staining revealed no fat or gl 3 ’^cogen in the cortex 

The stomach showed the typical mosaic pattern consistent with chronic hyper- 
trophic gastritis 

The gastrointestinal tract was filled with fresh clotted blood Bleeding points 
were searched for carefullj’’, and no explanation for the hemorrhage could be 
found 

The brain showed slight cerebral edema 
The other organs were essentially normal 


SUMMARY 

The pathology, etiology and clinical features of bilateial coitical 
necrosis of the kidneys are discussed briefly 

Three cases of bilateral cortical necrosis of the kidneys in which 
autopsy Yas performed are reported 

These cases are of particular interest because the condition was not 
associated with piegnancy and because it was associated with central 
necrosis of the hvei 

Central necrosis of the liver associated with bilateral cortical neciosis 
of the kidneys has been described especially in cases of dioxane poison- 
ing In the cases reported the condition may have been due to dioxane 
poisoning, but theie vas no proof of this, hence, the etiologic factor in 
these cases is unknown 

Dr Howard T Karsner, Professor of Pathologic Western Reserve University, 
assisted m preparing the photomicrographs and criticized the manuscript 
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REPORT OF A CASE OF MARKED INSENSITIVENESS OF LONG 
DURATION WITHOUT DEMONSTRABLE C^USE 

ALEXANDER MARBLE, MD 

BOSTON 

Since July 1935 my colleagues and I have had the oppoitumty of 
observing a diabetic patient with crippling although afebrile rheumatoid 
arthritis who has required from 240 to 675 units of insulin daily foi 
control of hyperglycemia and glycosuria The situation is so extraor- 
dinary that certain special studies have been made which aie leported 
m the present communication Although one sees patients occasionally 
who requiie large quantities of insulin, almost invariably a responsible 
complication can be disclosed, and, even so, the total daily dose rarely 
exceeds 100 units The case to be desciibed is without parallel in a 
group of approximately 11,500 patients with tiue diabetes seen in this 
clinic since the introduction of insulin in 1922 The only other patient 
in our series with an enormous insulin requirement was a doctor 
with hemochromatosis, previously reported on,’- vho died in coma 
despite a final dosage of 1,680 units of insulin a day His case difteied 
materially from that of the woman under discussion, however, in that 
the couise was lapidly progressive and the insulin resistance was satis- 
factorily explained by the complicating hemochi omatosis 

REPORT or CASE 

Mrs Helen St C , of French-Canadian parentage, a former nurse, was 
admitted to the New England Deaconess Hospital on Tuh 2, 1935 She had 
been transferred from a hospital in a neighboi mg ciU 

I Fust Hospitalisation (July 2, 1935 to April 29, 1936) — Family History 
The patient’s father was living at the age of 75 and was well except that he 
had complained of arthritis since the preceding winter Her mother was living 
and well at 65 years of age There were five brothers, aged 20 to 37 years, and 
five sisters, aged 19 to 39 years, who were living and well Five uncles and aunts 
were living and well There was no history of arthritis or diabetes in the family 
other than as previously mentioned 

From the George F Baker Clinic, Dr Elliott P Joshn, medical director. 
New England Deaconess Hospital 

The expenses of the studies, other than those of a routine nature, which are 
reported in this paper were defrayed in part by a grant from the Chemical 
Foundation, Inc 

1 Root, H F Insulin Resistance and Bronze Diabetes, New England J 
Med 201 201 (Aug 1) 1929 
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Past History The patient was born on April 17, 1900, m Ontario, Canada 
She was graduated from the nurses’ training school of a large general hospital 
in Toronto, Canada, m 1920 and in 1923 took postgraduate work at a maternity 
hospital m New York She continued nursing until about 1931 She lived m 
New York off and on betw'een 1928 and 1932 Since 1932 she had lived in a 
city in Massachusetts 

The patient was married in May 1925, a year or two after coming to the 
United States from Canada There was one miscarriage m 1926, and in 1931 a 
son was born who suffered periodic convulsions owing to an injury at birth 
The patient’s husband was about 45 years of age and had asthma, but there was 
no history of diabetes in his family 

Operations The following operations had been carried out 1922, tonsillectomy , 
1926, dilatation and curettage for incomplete miscarriage, 1928, appendectomy, 
oophorectomy and ventral suspension of the uterus , May 1935, hemorrhoidectomy 

Illnesses Except for measles in childhood, pneumonia at the age of 19 and 
attacks of tonsillitis prior to the operation in 1922, the patient had had no 
noteworthy illnesses 

Present Illness The first signs of arthritis were noted in 1926, when there 
was involvement of both shoulders She noticed the pain at this time chiefly 
W'hen Ijung dowm She was not ill enough to go to bed and continued at her 
ivork of nursing at a hospital in New York The disability lasted from about 
the spring to the fall of 1926 Then followed a period of quiescence, and it was 
not until about October 1932, while she was still in New York, that symptoms 
of arthritis reappeared At this time the right elbow was the first joint affected, 
and after this the feet and ankle joints were involved The arthritis was at 
first migratorj'’, and the joints w'ere swollen, red and tender Rheumatic fever 
was suspected at the time, but the patient never had fever During the summer 
of 1933 the arthritis was severe, and from this time on the patient was actively 
treated for this disease by doctors in New York and Massachusetts For the 
several months prior to April 1935 her condition was poor, and although she 
was never confined entirely to bed, she was a semi-mvahd 

The date of onset of diabetes is difficult to establish It is true that for an 
indefinite period the patient had suffered polyuria and polydipsia, but she could 
remember no time at which there was an increase in thirst or in the quantities 
of urine voided She stated that she was in the habit of drinking large amounts 
of water along with the medicine given to her for arthritis She recalled that in 
November 1933, at a \isit to her doctor, she weighed 105 pounds (47 6 Kg ) 
dressed, and it was remarked at the time that she was losing weight It must 
be remembered, however, that she was then suffering from chronic arthritis 
Unfortunately her physician did not obtain a specimen of urine at that time It 
seems fairly certain that in about 1932 the urine was examined and declared free 
from sugar 

The patient was admitted to a hospital m a city close to Boston on April 22, 
1935 Several days before entry her local physician told her that she had “about 
10 per cent sugar m the urine’’ During this hospitalization the patient was much 
improved and was discharged on June 7 She returned thirty hours later, on June 8, 
in impending diabetic coma Because of the fact that her diabetes was difficult 
to control and because some endocrine disturbance other than the diabetes was 
suspected, she was transferred to the New England Deaconess Hospital 

Examination When the patient was admitted to the New England Deaconess 
Hospital on July 2, 1935, she was seen to be poorly nourished Her height was 
64 inches (1626 cm), and her body weight (stripped) was 84)^ pounds (38 5 
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Kg ) She looked pale The heart was of normal size and had a regular rhythm, 
and no murmurs were heard The lungs were clear, the abdomen was soft and 
nontender, the spleen was palpable and the kidneys were palpable but not enlarged 
The circulation to the feet seemed good The blood pressure was 100 systolic 
and 60 diastolic A Hinton test of the blood gave negative results The urine 
on entry contained 1 9 per cent sugar, a negligible amount of albumin and no 
bile or diacetic acid The blood sugar content during fasting was 025 per cent, 
and the nonprotein nitrogen content was 28 mg per hundred cubic centimeters 
Roentgenograms of the chest on July 12 showed the cardiac shadow and the 
pulmonary markings to be within normal limits Roentgenograms taken on July 25 
showed the bones of the skull to be thick and dense, the pineal gland calcified 
and the sella turcica normal in size and regular in contour Pyelograms taken 
after the intravenous injection of an opaque solution on July 27 revealed hydro- 
nephrosis on both sides, with considerable extrarenal dilatation and a sharp kink 
at the ureteropelvic junction on the right (The patient had not had nor has 
she since had any symptoms directly referable to these abnormalities ) The 
findings as regards the joints will be discussed later 

Course in the Hospital 1 Diabetes The patient remained in the hospital 
until April 29, 1936, about ten months The course was most extraordinary and 
is set forth graphically in figure 1 It was soon found that the diabetes was not 
of the usual type, because at the end of the first week even with a low diet 
(carbohydrate, 120 Gm , protein, 56 Gm , and fat, 84 Gm ), making a total of 
1,400 calories per day, she excreted in the urine during a typical twenty-four hour 
period considerable diacetic acid and acetone and 39 Gm of sugar, although she 
was receiving a little over 100 units of insulin during the day Accordingly the 
dose of insulin was gradually increased in an attempt to control the excretion 
of sugar Because of her extreme hunger and our desire to relieve her emaciated 
condition, the diet was also increased at regular intervals Accordingly, about a 
month after entr}’-, with a diet containing 148 Gm of carbohydrate, 86 Gm of 
protein and 107 Gm of fat, making a total of 1,899 calories per day, she was 
receiving 196 units of insulin She still showed a yellow, red or orange reaction 
to the Benedict test for sugar throughout the day On October 23 she was given 
530 units of insulin in six doses By November 2, four months after entry, she 
was receiving 475 units of insulin a day, and this was with a liberal diet (carbo- 
hydrate, 200 Gm , protein, 112 Gm , and fat, 141 Gm , making a total of 2,570 
calories per day) The urine was by no means free from sugar, however In 
order to test the influence of the amount of carbohydrate in the diet on the insulin 
dosage, this was gradually reduced to 120 Gm a day It was found, however, 
that such a reduction did not materially decrease the amount of insulin required, 
and even with 120 Gm of carbohydrate, 107 Gm of protein and 143 Gm of fat 
(2,197 calories a day), she required 470 units of insulin (fig 1) It was demon- 
strated by lengthy trials that the type of insulin was not a factor, the patient 
was given pure beef insulin, beef and pork insulin, pure pork insulin and crystalline 
insulin 2 Different brands were tried, but no difference was noted 

It was repeatedly demonstrated during this and subsequent hospitalization 
that failure to supply sufficient insulin resulted m a prompt flareup of hyper- 
glycemia and glycosuria Contrariwise, when too much insulin was given, typical 
hypoglycemic symptoms resulted In other words, this patient reacted to treatment 

2 The crystalline insulin was supplied by Prof C H Best, of the University 
of Toronto, and the special pork insulin by Eli Lilly & Co 
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as does the patient with straightforward diabetes except that the amount of insulin 
required for control was roughly ten times that required by the average patient 
with moderately severe diabetes 

On January 4, because of marked induration of the skin and atrophy of the 
subcutaneous fat over the thighs, due to repeated injections of large amounts of 
insulin, the site of administration was changed to the abdominal wall The 
consequences of this were unexpected and most extraordinary At about 10 p m 
the patient noted symptoms of hypoglycemia, the blood sugar value at that time 



Fig 1 — chart summarizing the data obtained during the course of the 
patient’s three periods of hospitalization Each block on the chart gives average 
values for one week 

was found to be 0 04 per cent Orange juice gave relief, and the patient slept 
the rest of the night, but at 6 a m she awakened with severe headache in the 
occipital region of the type experienced in prolonged though not severe hypo- 
glycemia The blood sugar value at 7 30 a m was 007 per cent Because of 
this the dose of insulin was lowered and after a few da 3 's of adjustment was 
stabilized at a level of 300 to 340 units a daj’’, approximately 100 units lower than 
before the site of injection w'as changed 
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This effect was so striking that on February 1 the site was again changed, 
this time to an entirely fresh area on the flanks Before the change the daily 
dose averaged 300 units With continuance of injection of this amount in the 
fresh area, again prolonged hypoglycemia was produced, and after a few days 
of adjustment a new total of 240 to 260 units was found adequate 

This experience demonstrated anew and conclusively the value of insisting that 
the diabetic patient change the site of injection from one time to the next so 
that no one spot receives insulin oftener than every three or four weeks Only 
in this way can the full value of the insulin be uniformly secured Effects such 
as those secured in this case ordinarily pass unnoticed because of the differences 
in doses involved, changes being evident in the average case on a scale only 
one-tenth as great 

On January 23 the first dose of protamine insulin (Danish) s was administered 
to this patient It was given simply as a supplementary dose of 20 units at 
10 a m As time went on, bolder use was made of it by gradual stages, finally, 
on April 7, simply 120 units of regular (unmodified) insulin plus 120 units of 
protamine insulin (Danish) was given m two injections at one time in the morning 
before breakfast, and then no more insulin was given during the rest of the day 
The results far exceeded our expectations Instead of six injections of regular 
insulin daily as before, the diabetic condition was then under good control with 
insulin administered onl}"^ once a day On the morning before her discharge, the 
blood sugar content during fasting was normal, 0 10 per cent On discharge 
(April 29) the patient was instructed to take 120 units of unmodified and 120 
units of protamine insulin (Danish) ^ each morning 

2 Glandular enlargement On Sept 12, 1935, it was noted for tlie first time 
that the patient had general glandular enlargement involving the cervical, axillary, 
epitrochlear and inguinal regions but most marked in the last-named location, 
so much so that she had a great deal of pain in the groins, particularly on the 
right This glandular enlargement persisted to a marked degree until April 1936 
Histologic examination of a node taken from the left axilla showed only chronic 
inflammation The liver and spleen were always palpable Roentgenograms 
revealed no mediastinal nodes or calcified abdominal nodes Because of the 
splenomegaly, arthritis and leukopenia, the diagnosis of Felty’s ® syndrome was 
at one time considered 

3 Arthritis The chief articular involvement at first was that of the knees 
and elbows, which during the first six months of hospitalization were markedly 
swollen, distended with fluid, somewhat tender to touch and painful on motion 
To some extent the ankles, hips, shoulders and joints of the fingers and toes 
were affected Later the right ankle was the chief joint imolved A surprising 
characteristic was the lack of limitation of motion, considering the amount of 
involvement Roentgenograms of the various joints showed in most cases that 
the surfaces were well preserved, with little or no erosion of the bone or cartilage 
(figs 2 to 4) Acute exacerbations of the arthritis (with little or no fever, 
however) were experienced at occasional intervals during the first six months, 

3 Obtained through Dr H C Hagedorn, of the Steno Alemorial Hospital, 
Copenhagen, Denmark 

4 To be comparable to the American preparations of protamine insulin that 
were used later, all doses of the Danish variety should be multiplied by eleven- 
fifteenths 

5 Felty, A R Chronic Arthritis in the Adult, Associated with Splenomegaly 
and Leukopenia, Bull Johns Hopkins Hosp 35 16 (Jan ) 1924 
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but the general tendenc}" was toward impro\ement, and at the time of discharge 
(April 29) there was little or no fluid in any of the joints, and motion 
everywhere was remarkably free, although of course there was well marked 
generalized deformitj, ^Mth crepitus easily audible, particularly m the knee joints 

Treatment for the arthritis consisted of prolonged rest at first, followed by 
gradually increasing exercise, passive motion and massage and the use of contrast 
baths, radiant heat and analgesics 

4 Hematologic findings When the patient was admitted to the hospital the 
erythrocyte count was 4,510,000, and the hemoglobin value was 70 per cent (Sahh) 
During the next three neeks the values fell to a level of 3,900,000 and 63 per cent, 
respectively, presumably because of the retention of fluid in the body and relief 
of dehydration of the tissues During the ensuing weeks and months, coincident 
vith the giving of ferrous sulfate orally in doses of 12 grains (0 78 Gm ) daily. 



Fig 2 — Roentgenograms of the hands showing arthritic changes, with nar- 
rowing of the articular spaces and swelling of the soft parts Note also rarefaction 
of the bone at the ends of the metacarpal bones and the phalanges 

the anemia gradually disappeared, and during the last four months of hospitali- 
zation the red blood counts varied between 4,410,000 and 4,980,000 and the 
hemoglobin values between 80 to 96 per cent 

Prior to her entry (July 2, 1935) the white blood cell count obtained elsewhere 
had varied from 3,800 to 4,700 The first count at the New England Deaconess 
Hospital gave a value of 7,050, and no figure below 5,800 was obtained until 
August 1 From this time until September 2 the counts varied from 3,900 to 
5,450 During the subsequent eight months the values were within normal limits, 
ranging from 5,600 to 11,600 but usually from about 7,000 to about 8,500 
The most striking hematologic finding was that of eosinophiha Studies 
elsewhere just prior to entrance showed only 2 per cent eosinophils, and the blood 
smear made on entrj'’ showed this same value On August 26, however, 15 per 
cent eosinophils was noted, and from then on abnormallj'^ high values were the 
rule The highest percentages were 31 on September 27, 36 on November 13, 
33 on January 14, and 33 on April 8 In the absence of any other cause, it seems 
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reasonable to conclude that the eosinophilia was part of an allergic response 
provoked by the extremely large doses of insulin Such a finding has been reported 
by Lawrence ® and Lawrence and Buckley ^ 

5 Disease of the endocrine glands other than the pancreas Because in the 
earlier part of the patient’s stay in the hospital the basal metabolic rate was 
regularly found to be +25 or +26 per cent, hyperthyroidism was considered 
as a diagnosis However, with only rest in bed and no specific therapy, the basal 
metabolic rate gradually fell so that the last determination of a given series was 
+7 per cent, and on Oct 17, 1936, it was +1 per cent The iodine content of 
blood taken with the patient in the fasting state (2 micrograms per hundred 
cubic centimeters of blood), when considered in connection with a normal blood 
iodine curve after the giving of SO mg of iodine by mouth, did not suggest 



Fig 3 — Roentgenograms of the knees, showing arthritic changes, with nar- 
rowing of the articular spaces, swelling of the soft parts and generalized rarefaction 
of bone 

hyperthyroidism ® Her creatine tolerance was found to be low , after receiving 
1 Gm of creatine by mouth, she excreted 60 per cent of it in the urine within 
twenty-four hours Although this is compatible with hyperthyroidism, it is not 
pathognomonic and might well be a finding in any chronic wasting disease 
It is of interest that in March 1936 the patient began menstruating for the 
first time in ten months 

Roentgenograms of the skull showed no enlargement of the sella turcica, and 
examination of the eyegrounds revealed no abnormaht}’- There was nothing 
other than the insulin resistance which suggested pituitarj’^ disease In the hope 

6 Lawrence, R D Studies of an Insulin Resistant Diabetic, Quart J 
Med 21 359 (April) 1928 

7 Lawrence, R D , and Buckle}', O B Eosinophilia in Insulin Tiierapy, 
Brit M J 1 597 (March 30) 1929 

8 These studies were carried out under the direction of Mr H J Perkin, 
of the Lahey Clinic 
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of demonstrating the presence in the blood of some substance possessing hyper- 
glycemic or diabetogenic activitj', 5 to 5 5 cc of (fasting) blood serum from 
the patient was injected intravenously into a 3,720 Gm white male rabbit on 
three successive dajs, and on the third day 74 cc of 50 per cent dextrose was 
administered intravenously (with the rabbit in the postabsorptive state) two hours 
after the giving of the patient’s serum Serial determinations of the blood sugar 
content were then made at frequent intervals for over three hours The results 
were conclusively negative, in that the dextrose tolerance curve obtained differed 


Fig 4 — Anterior view of the legs, showing arthritic deformity at the knees 
and areas of atrophy of subcutaneous fat over the thighs 

in no significant detail from two control curves previously obtained for the same 
rabbit (using a comparable technic but without the injection of the patient’s 
serum) It would be of interest to know whether or not injection of this 
patient’s serum into a rabbit would modify the curve obtained after the injection 
of a suitable dose of insulin "With this procedure an antagonistic effect has 
been observed bj' de Wesselow and Griffiths,^ particularly with blood serum of 
elderly, obese diabetic patients, but in our own limited experience we have been 
unable to corroborate these findings 

9 de Wesselow, O L V, and Griffiths, W J On the Possible Role of 
the Anterior Pituitary in Human Diabetes, Lancet 1 991 (May 2) 1936 
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6 Other features No infection other than arthritis ^\as demonsti ated Roent- 
genograms of the chest showed no evidence of tuberculosis A biopsy of the skin 
showed no hemosiderin, nor did at least three examinations of the urinary 
sediment by the method of Rous give any support to the diagnosis of 
hemochromatosis Tests for Bence Jones protein in the urine repeatedly gave 
negative results The chloride and uric acid contents of the blood serum were 
normal, and the total cholesterol content of the plasma was low normal, varying 
from 125 to 136 mg per hundred cubic centimeters One determination of the 
gastric contents showed no free hydrochloric acid, and this was confirmed by 
fractional aspiration after a test meal of 100 cc of 7 per cent alcohol, samples 
being taken during fasting and at intervals of fifteen minutes for an hour after 
the test meal 


Exaction of Nthogen m the Unne 


Urine, 24 Hour Amount ,Uiet 




Total Nitrogen 

Protein 

(Calculated), 

Gm 

Nitrogen 
( V\ erage), 
Gm 

Date 

Volume, Cc 

f , 

Gm per Day 

\ 

Av erage, Gm 

1935 






4.ug 13 14 

3,600 

12 5 


102 


14 15 

4,300 

13 9 


102 


15 10 

8,600 

15 4 

13 9 

103 

10 3 

Oct 22 23 

2,100 

11 4 


112 


23 24 

2,600 

11 8 


112 


24 25 

3,185 

14 9 

12 7 

112 

17 9 

^ov 20 21* 

2,300 

19 1 


107 


21 22 

2,700 

10 7 


107 


22 23 

2,300 

13 3 

16 4 

107 

171 

1936 






April 17 18 

1,030 

119 


06 


18 19 

1,750 

93 


90 


19 20 

1,850 

101 

10 4 

96 

15 4 


* In retrospect it i® difflcult to e^plain the lanntion m results obtained during- the three 
days m November Unfortunateh no creatinine nlues are available as a check on the 
accuracj' of the collections of urine 

The phenolsulfonphthalem test of renal function gave normal results, with 
an excretion of 60 per cent of the dye in two hours and ten minutes The 
bromsulphalem test of hepatic function showed normal clearance of the dye from 
the blood stream Of twelve tests for urobilinogen (scattered over a period of 
months) in twenty-four hour specimens of urine, two were reported as showing 
a positive result in 1 10 dilution, two in 1 20, four in 1 30, three in 1 50 and one 
(faintly) in 1 100 Since the results of the test (method of Wallace and 
Diamond ii) are regarded as abnormal if a positive reaction is obtained in dilutions 
over 1 20, there was some suggestion of hepatic impairment in this case 

The total nitrogen content of the urine on representative days is shown in 
the accompan}'-ing table The figures indicate a greater or less degree of nitrogen 

10 Rous, P Urinary Siderosis Hemosiderin Granules in the Urine as an 
Aid in the Diagnosis of Pernicious Anemia, Hemochromatosis, and Other Diseases 
Causing Siderosis of the Kidney, J Exper Med 28 645 (Nov ) 1918 

11 Wallace, G B , and Diamond, J S The Significance of Urobilinogen 
in the Urine as a Test for Liver Function, Arch Int Afed 35 698 (June) 1925 
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retention This might be expected, since during this period the bod}’’ weight and 
strength had been steadily increasing Values for ammonia nitrogen in the urine 
were found m April 1936 to vary from 0 37 to 0 58 Gm per twenty-four hours, 
or from 3 9 to 4 9 per cent of the corresponding values for total nitrogen 

At discharge the patient weighed 117j4 pounds (53 3 Kg), or 32j4 pounds 
(14 8 Kg) more than on entry ten months previously' This attests as much 
as anything else to her great improvement during this period 

II Second Hospitalization (Oct 13 to Nov 8, 1936) — The patient was 
readmitted to the hospital on Oct 13, 1936, for further study During the five 
and one-half months at home she had been m fair condition although handicapped 
greatly by arthritis With the aid of crutches she had been able to be up and 
around for part of each day She complained of nervousness and irritability and 
of painful bleeding hemorrhoids Although at the time of entry the dose of 
insulin was 150 to 200 units of regular (unmodified) insulin and 240 units of 
protamine insulin (Danish) once daily in the morning before breakfast, she had 
taken during the summer as much as 400 units of unmodified insulin and 275 
units of protamine insulin (total 675 units) a day She had kept her diet at a 
level of 150 Gm of carbohydrate, 100 Gm of protein and 110 Gm of fat a day 
Menstrual periods had been occurring every three weeks, lasting usually for six 
or seven days, with excessive flowing for three days of that time 

On physical examination the heait and lungs were found to be essentially 
normal, and the blood pressure was 95 systolic and 60 diastolic The liver could 
be felt to descend 3 cm below the costal margin m the mamillary line, and the 
spleen could be felt to descend 1 to 2 cm A few small cervical, practically no 
axillary, one small right epitrochlear and several inguinal nodes on each side 
could be felt Even the last-named glands, however, were appreciably smaller 
than on the first entry One right inguinal node was slightly tender There were 
subcutaneous lumps over the thighs and abdomen at the sites of injections of 
insulin Pelvic examination indicated an essentially normal condition The urine 
contained no albumin The erythrocytes numbered 4,470,000 and the white blood 
cells 7,450 per cubic millimeter The hemoglobin value was 85 per cent, a blood 
smear showed neutrophils, 44 per cent, lymphocytes, 33 per cent, and eosino- 
phils, 23 per cent The basal metabolic rate was -1-1 per cent 

On October 20 incision and curettage of an anal fissure and dilatation of the 
anal sphincter were carried out by Dr T C Pratt, with the patient under spinal 
anesthesia The postoperative course was uneventful Incidentally, spinal fluid 
removed just before the operation gave a negative reaction to the Wassermann 
test, microscopic examination of the undiluted fluid in a counting chamber 
showed only 2 cells in the entire field 

During her stay in the hospital the patient’s diet contained 167 Gm of 
carbohydrate, 84 Gm of piotein and 115 Gm of fat The diabetic condition was 
kept under control with 180 units of unmodified and 180 units of protamine 
insulin (Squibb) daily, simultaneous doses being given before breakfast (fig 1) 

At this time it was found that the capsular tissue of both knee joints was 
loose, apparently because of the absorption of the long-standing effusion which 
had m the past caused much stretching Hence inadequate support was available, 
and there was a marked tendency for the patient’s legs to give way when she 
attempted to walk This was partly corrected bj making a brace for the left knee 

III Tlmd Hospitalization (May 9 to 30, 1937) — The patient again entered 
the hospital on May 9, 1937, for a stay of three weeks During the six months 
since her second entry she had improved in strength, and she looked better in 
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general There had been no acute exacerbation of arthritis, although her activity 
was still markedly limited because of articular pain She had taken from 280 
to 430 units of insulin daily The findings on physical examination did not differ 
greatly from those at the last entry, although there was if anything less activity 
as regards the arthritic process, the general glandular enlargement was less striking 
and the spleen could not be felt There was no anemia, the white blood cell count 
varied from 6,300 to 9,400 and the percentage of eosinophils varied from 5 to 12 
The body weight was 110 to 111 pounds (50 Kg) On discharge the patient 
was advised to follow a diet calling for 167 Gm carbohydrate, 84 Gm of protein 
and 130 Gm of fat daily and to take 100 units of unmodified insulin and 300 
units of protamine zinc insulin daily at one time in the morning before breakfast 

During this stay in the hospital, through the cooperation of Dr J H Marks, 
roentgenologist, six irradiations of the skull (hypophysial region) were given, 
one each day for six consecutive days (May 24 to 29, 1937, a total of 1,200 
roentgens [400 kilovolts] over a field [6 by 6 cm ] m each temporal region) 
No alteration of the insulin requirement was noted then or subsequently This 
experience is contrary to that reported by Merle,^- Fieri and Sarradon and 
Cannavo 

COMMENT 

In certain of the cases of marked resistance or refractoriness to 
insulin reported in the literature, some factor has been apparent to 
which it seemed reasonable to assign the responsibility for the condition 
Thus the patient reported on by Altshuler and Gould was found 
post mortem to have a large suprasellar cystic hematoma which pressed 
on the optic chiasm, hypophysis and neighboring structures In Way- 
burn’s case there was extensive pulmonary tuberculosis, in Warvel’s 
a pineal tumor and m Engel’s and Root’s ^ hemochromatosis In 
other instances no cause has been apparent In the case reported by 

11a Note added on June 30, 1938 Since this paper was submitted for pub- 
lication a further attempt has been made to demonstrate an influence from 
irradiation of the skull From April 13 to 27, 1938, twelve irradiations of 300 
roentgens each were given over a field 4 cm in diameter in each temporal region 
at a distance of SO cm , a total of 3,600 roentgens (200 kilovolts) No significant 
effect on the diabetic condition or on the insulin requirement has been noted 

12 Merle, E Diabete grave insulino-resistant Reduction brusque et massive 
de rinsuhno-resistnace par irradiation de la region hypophysaire. Bull et mem 
Soc med d hop de Pans 51 35 (Jan 21) 1935 

13 Fieri, J , and Sarradon, P Diabete grave insulmo-resistant Reduction 
notable de I’lnsulino-resistance par la radiotherapie hypophysaire. Bull et mem 
Soc med d hop de Pans 51 1579 (Dec 2) 1935 

14 Cannavo, L Insulinoresistenza e irradiazioni rontgen della regione ipofi- 
sana, Polichnico (sez prat) 43 1099 (June IS) 1936, abstracted, JAMA 
107 545 (Aug 15) 1936 

15 Altshuler, S S , and Gould, S E Diabetes Refractory to Insulin, with 
Report of a Case, Ann Int Med 9 1595 (May) 1936 

16 Wayburn, E Complete Insulin Resistance m Diabetes, Am J M Sc 
190 157 (Aug) 1935 

17 Warvel, J H Personal communication to the author 

18 Engel, R Insuhnrefraktarer Diabetes bei schwerem Leberschaden, Klin 
Wchnschr 13 1682 (Nov 24) 1934 
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Clay and Lawrence there was found at postmortem examination no 
adequate explanation for the unusual lequirement of insulin, which 
reached 960 units during the last twenty-four hours of life It is tiue 
that this 63 }ear old man had pernicious anemia (controlled) and heart 
disease m addition to diabetes Mason and Sly concluded that the 
resistance of their patient was due to a “marked lessening of the liver’s 
ability to conveit dextrose to glycogen or an intermediate product in 
this conveision ” In their patient, a 25 month old boy, glycosuria could 
be almost stopped by the substitution of levulose or galactose for dex- 
trose in the diet Unfortunately no postmortem examination was 
allowed in the extraoidmaiy case repoited by Thannhauser and Ftild,-^ 
in which, despite laige amounts of insulin (200 to 240 units a day) 
for several days and 1,230 units (170 units subcutaneously and 1,060 
• units intravenously) on the final day, death took place in coma 

Reviews of the subject fiom dififeient approaches are to be found 
in the papers by Falta and Boiler,^- Pollack and Aubertin 

The cause of the extraordinary insensitiveness to insulin exhibited 
by the patient reported on m the piesent paper is an interesting problem 
The followung possibilities suggest themsehes 

1 Hemochromatosis Against this diagnosis wei e the absence of the 
characteristic color of the skin and the negative lesults of tests for non 
pigment in the skin at biopsy and in the cells of the urinary sediment 
Moreover, as time has gone on, the patient’s general condition has 
improved (it has not become progressively worse, as in our othei case, 
reported on by Root^), and the enlargement of the liver and spleen, 
never great, has become less 

2 Infection The only significant infection which has been demon- 
strated in this patient is that of rheumatoid aithritis However, only 
occasionally has there been enough activit}^ to cause fever, and, even 
then, various consultants, specialists m oithopedic and arthritic dis- 
ordeis, have agreed that this infectious process w^as in no way adequate 
to account for the startlingly high requiiement of insulin Fuitheimoie, 

19 Clay, P D , and Lawrence, R D Insulin Resistance, Brit M J 1 697 
(April 6) 1935 

20 Mason, H H , and Sly, G E Diabetes Mellitus Report of a Case 
Resistant to Insulin But Responsive to a Change in the Type of Carbohydrate 
Fed, JAMA 108 2016 (June 12) 1937 

21 Thannhauser, S J , and Fuld, H Insulinmangelkoma und Insulinrefrak- 
tares Koma im Verlaufe eines Diabetes mellitus, Klin Wchnschr 12 252 (Feb 
18) 1933 

22 Falta, W , and Boiler, R Insularer und Insuhnresistenter Diabetes, Klin 
Wchnschr 10 438 (March 7) 1931 

23 Pollack, H Conditions Associated with Unusual Requirements for Insu- 
lin, Proc Staff Meet, Mayo Clin 8 453 (July 26) 1933 

24 Aubertin, E L’lnsuhnoresistance, Bruxelles-med 16 453 (Jan 26) 1936 
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during the past 3 ^ear, while the arthritic process has been relatively 
quiescent, the laige doses of insulin have had to be continued 

Physical examination and roentgenograms have given no evidence of 
pulmonary tuberculosis Wa 3 'burn^® said he regarded this condition 
as responsible foi the extraordinarily large requirement of insulin in 
the case reported by him 

3 Disorders of the endocrine glands other than the pancreas As 
far as possible pituitaiy disease has been excluded as a cause, although 
the means available today are admittedly inadequate to show functional 
disorders Roentgenogi ams have shown the sella turcica to be normal, 
examination has always shown the eyegrounds to be normal and irradia- 
tion of the skull daily for six days pioduced no effect on the require- 
ment for insulin The moderate elevation of the basal metabolic rate 
obtained in earlier observations brought up the question of overactivity of 
the thyroid gland, but clinical findings and other laboratory tests have not 
been consistent with this diagnosis, later determinations of the basal 
metabolic rate have given normal results The normal blood pressure 
and the absence of signs of Cushing’s syndrome are against dysfunction 
of the adrenal glands Roentgenograms of the skull have shown calcifi- 
cation m the region of the pineal gland, but this is so frequently seen 
in 1 oentgenograms that its significance is questionable The possibility 
of a disturbance in this organ was thought of because of Warvel’s 
lemarkable case of a girl who received extraoi dinarily large amounts 
of insulin over a period of ten months and at postmortem examination 
(after death in diabetic coma) was found to have a pineal tumor 
Related ovarian dysfunction was evident in our own patient in view 
of the fact that she did not menstruate from May 1935 to March 1936, 
but the amenorrhea was undoubtedly an effect rathei than a cause 

4 Extensive pancreatic disease — structural or functional It is con- 
ceivable that marked destruction of the islet-contaming tissue of the 
pancreas might cause diabetes with a large requirement of insulin for 
its control In our patient no sign of a tumor or of inflammatory 
disease of the pancreas has appeared Furthermore, the amount of 
insulin necessary to control hyperglycemia and glycosuria is larger than 
that which Root^ said he regaided as the lequirement of a completely 
depancreatized man, namely, 200 to 300 units daily Although the 
evidence is wholly indirect, it is entirely possible that the pancreas of 
oui patient secretes an amount of insulin approaching the normal and 
that the chief abnoimahty is due to extrainsulai influences 

5 Miscellaneous conditions Diabetic acidosis or coma, which tem- 
poiarily almost invariably calls foi an increased amount of insulin, has 
obviously not been a factor in our case Also theie has been no sugges- 
tion of cardiac decompensation 
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6 As regards man) obscui e metabolic problems, one im anably turns 
to the liver m searching for an explanation of phenomena observed 
The liver is a gieat transforming agent not only of carbohydrate but 
also of protein and fat, stoiing, yielding up or modifying these sub- 
stances as bodily needs arise One of the characteristics of diabetes 
melhtus is the inability of the body to maintain normal stoies of glycogen 
111 the liver Instead, dextrose floods the blood and body tissues gener- 
ally Fuithermoie, possibly as a result of hypophysial action and pos- 
sibly also by virtue of the mediation of the adrenal cortex,-'^ dextrose 
IS foimed in excessne amounts from noncarbohydrate sources Insulin 
111 proper doses corrects these abnormalities, as well as piomotes normal 
utilization of dextrose m the tissues It is possible that in our patient 
glycogenolysis and the new formation of sugar from protein and fat 
pioceed with such ease and the opposite chemical changes proceed with 
such difficulty, possibly because of hormonal influences, such as those 
from the pituitar}- body or the adrenal cortex, that enormous amounts 
of insulin aie necessar}’- to mam the proper balance We do not know 
to what extent, if any, in our patient utilization of dextrose in the tissues 
proceeds less noimall}^ than in the usual diabetic patient 

Other possibilities are that there exists in the blood and tissues some 
agent which in a more direct way than has been suggested may oppose 
or neutralize the action of insulin or that some enzyme needed for 
the activation of insulin, such as an "insulm-kinase,” is deficient 
because of a defect of the pancreas or of the livei These possibilities, 
although inteiesting, find no support m conciete data Furthermore, 
somewhat rough tests (assay m mice) have not supported the possibility 
that the huge amounts of insulin given our patient are in large part 
excreted in the urine 

The patient is being kept undei close observation m the hope that 
the solution of her problem may throw light on the problem of diabetes 
111 general 

SUMMARY 

A lepoit IS made of a patient with marked msensitiveness to insulin 
who has been obseived closely since July 1935 This woman (who was 
o5 years of age when first seen) has chronic rheumatoid arthritis The 
insulin requirement has varied from 240 to 675 units daily 

25 Long, C N H The Influence of the Pituitary and Adrenal Glands upon 
PancreaLc Diabetes, in Harvey Lectures, 1936-1937, Baltimore, Williams & Wilkins 
Company, 1937, pp 194-228 

26 Fitz, R Does Diabetic Blood Contain an Insulin-Inactivating Substance^ 
in Medical Papers Dedicated to Henry Asbury Christian, Baltimore, Waverly 
Press, Inc, 1936, p 446 

27 Himsworth, H P The Activation of Insulin, Lancet 2 935 (Oct 29) 

1 noo ^ ' 



446 


ARCHIVES OF INTERNAL MEDICINE 


Complications other than the arthritis have included marked general 
glandular enlargement, slight to moderate hepatomegaly and spleno- 
megaly and eosinophiha of striking degree The last-named complica- 
tion has been attributed to the large doses of insulin 

The occurience of lipodystrophy at the site of the injections of 
insulin has been a problem 

In a striking way it has been demonstrated that injection of insulin 
into areas of tumefaction and scarring (pioduced by multiple previous 
injections) is less effective m lowering the blood sugar than injection 
into a normal area 

Control of the diabetic condition has been followed by a gratifying 
gam in weight and strength 

Attempts to demonstrate a pituitar)'^, adienal, thyroid or gonadal 
influence as being responsible for the resistance to insulin have been 
unsuccessful as far as direct evidence is concerned Other possible 
causes for the condition, including hepatic dysfunction and abnormal 
excretion of injected insulin, are discussed 

Note (June 30, 1938) — After the completion of the foregoing report, the patient 
was studied again during a fourth visit to the hospital, on April 10 to Maj' 4, 
1938 There had been no essential change in her condition Prior to entry she ^ 
had been taking 100 units of unmodified and 160 units of protamine zinc insulin 
daily In the hospital it was possible to reduce for a few days the amount of 
insulin to a total of ISO units of the unmodified tvpe (no protamine insulin) 
However, the requirement then rose so that on the dav of discharge ISO units 
of unmodified plus 220 units of protamine zinc insulin vas given The patient 
had noted at home definite unexplained variations in the insulin requirement from 
time to time She had been menstruating regularly about ev er}"- twenty-eight da}'s , 
she had noted no relation between the menstrual periods and the insulin requirement 

The body weight without clothing was 116 pounds (S2 7 Kg) Physical 
examination showed both the liver and the spleen to be palpable Roentgenograms 
of the chest and skull showed no significant abnoimalities Those of the joints, 
especially the joints ot the hands and wrists, showed marked loss of cartilage and 
erosion of the articular spaces, indicating much progression of the arthritic process 
since November 1935 The basal metabolic rate was — 1 per cent, the visual fields 
were normal, the blood sedimentation rate was noimal and the plasma cholesterol 
value was 116 mg per hundred cubic centimeters The erythrocyte count was 
4,560,000, the hemoglobin value was 70 per cent (Sahli) and the eosinophils in 
the blood smear numbered 2 per cent Marked msensitiveness to insulin was evident 
when the test devised by Himsworth was carried out 

Drs Mark H Rogers, Theodore C Pratt, Walter Bauer and others cooperated 
in the treatment of this patient during her long stay in the hospital 

28 Himsworth, H P Diabetes Melhtus Its Differentiation into Insulin- 
Sensitive and Insulin-Insensitive Types, Lancet 1 127 (Jan 18) 1936 
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CLINICAL OBSERVATIONS AND COMPARATIVE ANALYSIS OF BLOOD 
SUGAR CURVES OBTAINED WITH USE OF PROTAMINE 
ZINC INSULIN AND WITH REGULAR INSULIN 

FRITZ NEUHOFF, MD 

AND 

SAM RABINOVITCH, MD 

ST LOUIS 

A considerable number of favorable reports on the clinical use of 
protamine zinc insulin in the tieatment of diabetes mellitus have 
appeared in the literature The articles of Joshn and his co-workeis/ 
Rabmowitch and his co-workers,^ Wilder® and others may be cited 
as examples In view of these reports there can be no question regard- 
ing the more prolonged action of protamine insqjin as compared with 
that of insulin hydrochloride It is also obvious that with constant 
proper laboratory supervision, it is possible to treat patients with dia- 
betes mellitus satisfactorily with the newer forms of insulin and usually 
with a decrease both in the number of doses and in the quantity of 
insulin administered Stress thus far has been on the favorable results 
and the advantages to be gained from a more uniform regulation of 
the level of blood sugar Relatively little has been said of the difficulties 
encountered in the use of protamine zinc insulin Certain difficulties 
nevertheless do occur even after considerable experience has been 
secured with the use of protamine insulin, sometimes when the patients 

The insulin used in this study was supplied by Eli Lilly & Co , Indianapolis 

Presented before the American College of Physicians, St Louis, April 23, 

1937 

From the Department of Medicine, St Louis University School of Medicine, 
and from the Medical Service of the Firmin Desloge Hospital 

1 Joshn, E P , Root, H F , Marble, A , and White, P Protamine Insulin, 
New England J Med 214 1079-1085 (May 28) 1936 Joshn, E P Diabetes 
Today and Tomorrow, Ann Int Med 10 179-193 (Aug ) 1936 

2 (a) Rabmowitch, I M , Fowler, A F, and Corcoran, A C Observations 

on the Action of Protamine and Insulin in the Treatment of Diabetes Mellitus, 
Canad M A J 35.124-129 (Aug ) 1936 (&) Rabmowitch, I M , Foster, J S , 

Fowler, A F , and Corcoran, A C Clinical Observations with Protamine Zinc 
Insulin and Other Mixtures of Zinc and Insulin m Diabetes Mellitus, ibid 35 239- 
252 (Sept) 1936 

3 Wilder, R M The New Insulin, Minnesota Med 20-6-15 (Jan) 1937 
Wilder, R M , and Wilbur, D L Disease of Metabolism and Nutrition Review 
of Certain Recent Contributions, Arch Int Med 59 329-364 (Feb ) 1937 
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are undei caie in the hospital but especially when they are not under 
constant supervision The use of protamine insulin rathei quickly brings 
to light certain irregularities in its effect on the blood sugar which are 
likely to be particularly important if the drug is to be introduced in 
general practice for use by physicians who do not have adequate labora- 
tory control of their patients 

Too much reliance cannot be placed on the uiinary sugar value as 
a measure of the blood sugar value We have noted frequently that 
the blood sugar level may be veiy high and that the urine may contain 
little or no sugar, and, conversely, sugar has been found to be present 
in the urine, although the blood sugai level at that time has been within 
normal limits This observation is illustrated m many of the cases 
in the present study and leads one to believe that the renal threshold 
for sugar may vary in the same individual The importance of obtaining 
frequent blood sugar determinations is therefore evident 

In the service for diabetic patients at the Firmin Desloge Hospital my 
colleagues and I have been quite successful in the use of protamine 
insulin in many cases In other cases distinct difficulties have been 
encountered We have felt that it would be of value to present frankly 
the difficulties we have experienced in using protamine insulin Since 
one of the mam advantages of the new type of insulin has been said 
to be the fact that fewer injections are required, we have endeavored 
in as many cases as possible to use one injection per day Also, rather 
than complicate the treatment for the patients, we have avoided com- 
bining two types of insulin, and in some of the cases in which successful 
regulation of the carbohydrate metabolism has not been obtained with 
one dose of protamine insulin, we have tried to obtain it by dividing 
the dose in two While it is obvious from the literature that a combi- 
nation of the two types of insulin often gives good clinical lesults, 
it should certainly not be claimed m these instances that the management 
of the diabetic condition has been simplified by the use of the new 
preparation In many cases it actually appears to have lendered treat- 
ment more complicated and difficult 

The pi esent report will be confined to a study of 12 patients Their 
ages varied from 24 to 70 years The series included 2 patients who 
had been in diabetic coma on pievious occasions In all these cases 
satisfactoiy results were first obtained with regular insulin hydrochlo- 
ride, and blood sugar readings were made at 7 and 11am, and at 3 
and 7pm The patients were then given protamine zinc insulin In 
most cases 75 per cent of the total number of units of regular insulin 
was given in the form of protamine insulin at 7 a m as the initial 
dose A period of five to six days was allowed to elapse in order to 
permit the cumulative effect of protamine zinc insulin to become defi- 
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nitely established Then blood sugar readings were again made four 
times daily at the hours previously designated If the values showed 
a satisfactory control of the carbohydrate metabolism during the day, 
an additional blood sugar reading was made at 3 a m to determine 
whether the metabolism of carbohydrate was satisfactory during the 
night Specimens of urine were obtained four times daily, just before 
the venous puncture for the blood specimen was made Patients were 
considered successfully treated with protamine zinc insulin if the blood 
sugar values with the protamine insulin regimen compared favorably 
with those obtained during the treatment with regular insulin For 
patients unsuccessfully treated with one dose of protamm insulin, two 
doses were tried 

The effect of varying the time of administration of the protamine 
insulin was studied as well as the effect of alteiing the amount of carbo- 
hydrate given at each meal All the patients were hospitalized for the 
first several weeks of this study After their discharge from the hos- 
pital they leturned to the outpatient clinic once a week, where their 
progress was observed and blood sugar determinations weie obtained 
Studies of the blood sugar were made with venous blood The blood 
proteins were precipitated by the Folin-Wu method, and the blood sugar 
values were determined for the filtrate by the Shaffer-Somogyi improved 
copper-iodometric method ^ 

A brief resume of each case will be presented, together with tables 
showing the blood sugar levels observed throughout the day, first with 
the use of regular insulin and then with protamine insulin A comparison 
of the respective blood sugar curves can thus be made easily In these 
tables the letter R represents regular or old insulin, and the letter P 
represents protamine insulin The hours when the samples of blood 
were obtained and the insulin was administered are indicated in the 
headings for each table 

REPORT OF CASES 

Case 1 — F Z was an electrician aged 47 years, weighing 76 Kg Diabetes 
was discovered at the time of his first visit to the diagnostic clinic of the out- 
patient department, on Oct 16, 1936 When he was referred to the service for 
diabetic patients he was given a diet which consisted of 72 Gm of protein, 100 
Gm of fat and 280 Gm of carbohydrate Regulation of the carbohydrate metab- 
olism was successful with this diet when three doses of regular insulin were given, 
distributed as 33 units in the morning, 17 units at noon and 31 units before the 
evening meal The blood sugar curves for two consecutive days showed good 
control of the carboh 3 '’drate metabolism The patient was then given 45 units of 
protamine zinc insulin at 7 a m , and blood sugar readings were made four times 
daily After several days, as can be seen from the table, the curves compared 
favorably with those obtained when the patient was receiving regular insulin In 

4 Shaffer, P A , and Somog 3 n, M Copper-Iodometnc Reagents for Sugar 
Determination, J Biol Chem 100 695-713 (May) 1933 
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order to determine the efficiency of the metabolism of carbohydrate at night with 
the protamine insulin regimen, a blood sugar reading was made at 3 a m on 
November 12 and was found to be 35 mg per hundred cubic centimeters, although 
the patient at that time experienced no symptoms of hypoglycemia The adminis- 

Table 1 — Data fo) F Z (Case 1)* 


Time o£ Examination Administration of Insulin 

A _ ^ A 


Date 

Sugar 

Yam 

11 a m 

3pm 

7pm 

3am 

Yam JSoon 0pm 

11/ 2/36 

Blood 

154 

140 

100 

125 


33 R 17 E ol R 


Urine 

0 

0 

0 

0 



11/ 3/36 

Blood 

162 

175 

100 

125 


33 E 17 R ol E 

Urine 

0 

+ 

0 

0 



11/11/30 

Blood 

100 

176 

175 

125 

00 

45 P 


Urine 

0 

+ 

0 

0 



11/12/36 

Blood 

135 

105 

135 

ISO 

35 

45 P 


Urine 

0 

0 

0 

0 



11/23/30 

Blood 

05 

155 

100 

155 

SO 

35 P at 5 30 p in 


Urine 

0 

0 

0 

0 


11/24/30 

Blood 

70 

155 

150 

125 


35 P at 3 30 p 111 


Urine 

0 

0 

0 

0 


11/27/36 

Blood 

60 

100 

112 

170 


35 P at 7 p m 


Urine 

0 

0 

0 

0 



11/2S/36 

Blood 

90 

153 

135 

115 

100 

35 P at 7 p m 


Urine 

0 

0 

0 

0 




* In tables 1 to 12 B indicates regular insulin and P protamine insulin The values for 
blood sugar are given m milligrams per hundred cubic centimeters and those for insulin m units 


Table 2 — Data jot M L ( Case 2) 


Time of Examination Administration of Insulin 


Date 

Sugar 

Yam 

11 a m 

3pm 

12/20/30 

Blood 

112 

SO 

160 

Urine 

+ 

+ 

+ 

12/22/36 

Blood 

110 

100 

135 


Unne 

+ 

++ 

H — h 

1/ 7/37 

Blood 

00 

75 

165 

Urine 

++ 

+ 

0 

1/ 8/37 

Blood 

00 

35 

130 


Urine 

++ 

0 

0 

1/ 9/37 

Blood 

45 

75 

120 


Urine 

+ 

0 

+ 

1/29/37 

Blood 

70 

ICO 

170 


Urine 

0 

0 

0 

1/30/37 

Blood 

80 

155 

200 


Urine 

+ 

+ 

++ 

2/ 2/37 

Blood 

80 

112 

155 

Urine 

0 

+ 

+ 

2/ 3/37 

Blood 

80 

55 

195 

Urine 

0 

0 

0 

2/18/37 

Blood 

75 

95 

150 

Urine 

0 

0 

0 


7pm 

3am 

7 a in 

Aoon 0pm 

135 

+ 


21 R 

20 E 

ICO 

++ 


21 R 

20 R 

185 

0 



30 P at 10 p m 

212 
+ + 



SO P at 10 p m 

200 

+ 



SO P at 10 p m 

135 

0 

75 

SOP 


125 

+ 


30 P 


135 

0 

75 

30 P 


125 

0 


SOP 


140 

SO 

SOP 



0 


tration of insulin was then advanced to S 30 p m and finallj to 7 p m Blood 
sugar readings were made at 3 a m on November 23 and again on November 28 
and were found to be 80 and 100 mg per hundred cubic centimeters, respectively 
In this case regulation with protamine insulin was considered as successful, requir- 
ing only 58 per cent of the former number of units of regular insulin The 
number of doses was cut down from three to only one dailji^ 
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Case 2 — M L, a man aged 66 years, weighing 72 Kg, was found to be 
suffering from diabetes when examined in the outpatient department and was 
admitted for regulation of the diet and the dosage of insulin He was given a 
diet which consisted of 72 Gm of protein, 82 Gm of fat and 220 Gm of carbo- 
hydrate The urine was free from sugar when insulin hydrochloride was given 
twice a day (21 units before breakfast and 20 units before supper) Blood sugar 
readings were made four times daily and were within physiologic limits The patient 
was then given 30 units of protamine insulin at 10 p m Howevei, the values 
for sugar at night were high, while those obtained during fasting in the morning 
were low The time of administration of the protamine insulin was then changed 
to 7 a m , and the blood sugar curves were satisfactory Blood sugar readings 

Table 3 — Data foi J B (Case 3) 


Date 
7/ £)/36 

7/10/36 

7/11/36 

7/12/36 


Time of Examination Administration 

* ^ ^ of Insulin 


Sugar 

7am 

Ham 

3pm 

7pm 

7am 

Blood 

125 

135 

160 

165 

45 P 

Urine 

0 

0 

0 

0 


Blood 

125 

135 

140 

170 

45 P 

Urine 

0 

0 

0 

0 


Blood 

150 

160 

175 

175 

45 P 

Unne 

0 

0 

0 

0 


Blood 

135 

140 

100 

125 

45 P 

Urine 

0 

0 

0 

0 



Table 4 — Data fat W B (Case 4) 


Time of Examination Administration of Insulin 

— , K ■ — 


Date 

Sugar 

7am 

11 a m 

3pm 

7pm 

7am 

Noon 

Gpm 

7/ 6/36 

Blood 

125 

100 

212 

160 

22 B 

6B 

20 B 


Urine 

0 

0 

0 

0 




7/ 6/36 

Blood 

135 

100 

120 

160 

22 B 

6B 

20 E 


Urine 

0 

0 

0 

0 




7/13/36 

Blood 

so 

135 

160 

135 

40 P 




Urine 

0 

0 

0 

0 




7/14/36 

Blood 

112 

185 

160 

135 

40 P 




Urine 

0 

0 

0 

0 




7/15/36 

Blood 

112 

160 

ISO 

135 

40 P 




Urine 

0 

0 

0 

0 





were made at 3 a m for several successive nights and were always within normal 
limits The patient was discharged when taking 30 units of protamine insulin 
once daily Blood sugar readings were made on several occasions in the out- 
patient clinic and were always within normal limits In this case, therefore, satis- 
factory regulation was secured with one dose of protamine insulin which was 75 
per cent of the previous dose of regular insulin 

Case 3 — J B , a man aged 55 years, weighing 75 Kg , was known to have 
had diabetes for three years With a diet of 75 Gm of protein, 135 Gm of fat 
and 160 Gm of carbohydrate he required three doses of regular insulin for 
satisfactory regulation (23 units in. the morning, 6 units at noon and 23 units at 
night) Regulation was finalty secured with 45 units of protamine insulin at 
7am Therefore satisfactory regulation was obtained with a single dose of 
protamine insulin, 72 per cent of the former dose of regular insulin being all that 
was required 
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Case 4 — W B , a man aged 59 years, weighing 70 Kg , was given a diet 
consisting of 70 Gm of protein, 100 Gm of fat and 200 Gm of carbohydrate 
Satisfactory regulation was obtained with three doses of old insulin (22 units in 
the morning, 6 units at noon and 20 units before the evening meal) Equally 
successful regulation was obtained with 40 units of protamine insulin given at 
7 a m in one dose which constituted 83 per cent of the former dose of regular 
insulin 

Case 5 — F was a woman aged 62 years, weighing 64 Kg With a diet 


consisting of 64 Gm 
satisfactory regulation 

of protein, 98 Gm 
was obtained with 3 

Table 5 — Data for . 

of fat 
doses 

M F 

and 196 Gm 
of old insulin 

( Case 5) 

of carbohydrate, 
(30 units in the 




Time of Examination 


Administration of Insulin 

Date 

Sugar 

Tam 

11 a m 

3pm 

7pm 

Sam 

7am 

Eoon 6pm 

g/22/3G 

Blood 

155 

125 

SO 

112 


30 R 

16 R 24 R 


Urine 

0 

0 

0 

0 




9/23/3G 

Blood 

IGO 

100 

110 

210 


COR 

16 R 24 R 


Urine 

0 

0 

0 

0 




9/30/36 

Blood 

SO 

75 

175 

225 

94 

45 P 



Urine 

0 

0 

U 

0 




10/ 3/36 

Blood 

100 

110 

120 

100 


45 P 



Urine 

0 

0 

0 

0 




10/ 4/36 

Blood 

100 

112 

17*) 

245 


45 P 



Urine 

0 

0 

0 

0 







Table 6 — Data for G 

M 

(Case 6) 






Time of Examination 


Administration of Insulin 

Date 

Sugar 

7 a m 

11 a m 

3pm 7pm 

3am 

7am 

^oon 3pm 

2/10/37 

Blood 

160 

90 

135 

185 


28 R 

10 R 20 R 

Unne 

+ 

0 

0 

++ 




2/15/37 

Blood 

75 

135 

200 

150 

48 


40 P at 9 p m 


Unne 

+ 

+ + 

+++ 

+ 




2/16/37 

Blood 

55 

75 

135 

150 



40 P at 9pm 

Unne 

+ 

+ 

+ 

+ 



3/ 2/37 

Blood 

120 

235 

135 

IGO 

112 

35 P 


Unne 

0 

+ 

0 

0 




3/ 3/37 

Blood 

112 

200 

135 

125 

100 

35 P 



Unne 

0 

-ua. 

++ 

0 





morning, 16 units at noon and 24 units in the evening) Fairly good regulation 
was obtained with 45 units of protamine insulin given in one dose at 7 a m The 
blood sugar level at 7 p m , although a little higher than desirable, could easily 
have been lowered by giving a small dose of old insulin with the evening meal 
This elevated level did not persist for any great length of time, since the Sam 
reading was 94 mg per hundred cubic centimeters 

In this case successful regulation was obtained with one dose of protamine 
insulin, whereas three doses of old insulin were previously necessary This patient 
required only 77 per cent of the previous dose of old insulin given as protamine 
insulin, a saving of 23 per cent 

Case 6 — G M , aged 63 shears, weighing 68 Kg , w'as known to have had 
diabetes for five years With a diet containing 72 Gm of protein, 70 Gm of fat 
and 300 Gm of carbohydrate, satisfactory regulation was secured with three 
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doses of old insulin (28 units in the morning, 10 units at noon and 20 units in 
the evening) Protamine insulin was given in a single dose at 9 p m Blood 
sugar readings made four times daily showed fairly good control with one dose 
However, when the blood sugar reading was made at 3 a m , it was found to be 
48 mg per hundred cubic centimeters, although the patient at that time showed 
no evidence of hypoglycemia The dose of insulin was lowered to 35 units and 
was given at 7 a m This produced a satisfactory regulation, and the blood 
sugar reading at 3 a m, w'as not unusually low^ 

Regulation of the diabetic condition w'as successful, the number of doses w'as 
reduced from three to one and the dose of insulin was reduced bj 40 per cent 

The cases so far presented may be taken as typical examples of 
successful treatment In these cases definite advantages can be dem- 
onstrated in the use of protamine zinc insulin In the following cases, 
distinctly more difficult problems were presented 

Case 7 — For C W , aged 66 years, weighing 62 Kg , the diagnosis of diabetes 
mellitus was made two weeks before her admission to the hospital She was given 

Table 7 — Data for G W ( Case 7 ) 


Time of Examination Administration of Insulin 


Date 

Sugar 

7am 

11 a m 

3pm 

7pm 

3am 

7am Noon 3pm 

12/14/36 

Blood 

So 

80 

160 

160 


20 R 16 B 

Urine 

0 

0 

0 

0 



12/13/36 

Blood 

So 

90 

160 

170 


20 R 16 R 

Urme 

+ 

+ 

0 

0 



1/ 9/37 

Blood 

90 

185 

270 

260 


25 P at 10 p m 

Unne 

0-4- 

+++ 

+ 4.+ 

-J L4. 



2/ 1/37 

Blood 

112 

160 

212 

200 

50 

SOP 


Urine 

++ 

+ + + 

+++ 

++ 



2/ 2/37 

Blood 

85 

160 

200 

235 


SOP 


Urine 

+++ 

H — !■ 

++ 

++ 




a diet consisting of 62 Gm of protein, 80 Gm of fat and 220 Gm of carbohydrate 
Regulation was obtained with two doses of regular insulin (20 units in the morning 
and 16 units in the evening) 

After satisfactory regulation was obtained, protamine zinc insulin was given 
at 10 p m in a single dose of 25 units In the afternoon and evening the blood 
sugar levels were very high The dose of protamine insulin was raised to 30 
units and was given at 7 a m Better blood sugar values were obtained during 
the day , however, at 3 a m the patient experienced a hypoglycemic reaction, and 
the blood sugar readings made the following day showed an unsatisfactory regula- 
tion of the carbohydrate metabolism , the urine showed 2 plus and 3 plus sugar 

Successful regulation was not obtained with one dose of protamine zinc insulin 
We did not give this patient both types of insulin, since satisfactory regulation 
was obtained with two doses of old insulin and we considered it inadvisable to 
complicate the treatment of diabetes in this case by using two types of insulin 

Case 8 — W , a man aged 31 years, weighing 72 Kg , was known to have 
had diabetes for two 3 ’-ears He was given a diet which consisted of 72 Gm of 
protein, 100 Gm of fat and 200 Gm of carbohydrate, with three doses of regular 
insulin (28 units at 7 a m , 12 units at noon and 26 units at 5 p m ) Fairly 
good regulation was obtained, although in the morning during fasting the blood 
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sugar content was always high, the blood sugar values throughout the day were 
within normal limits This patient was given 45 units of protamine insulin at 
7 a m , as can be seen from the accompanying table, not only were the blood sugar 
peaks high, but the type of curve varied from day to day Further evidence of 
the unsatisfactory regulation and lack of uniform action of protamine insulin in 
this case was the hypoglycemic reaction which occurred at 3 a m on Oct 4, 1936 
The blood sugar value at that time was 44 mg per hundred cubic centimeters 

In this case satisfactory regulation was not obtained with one dose of protamine 
insulin 

Table 8 — Data jot D W ( Case 8) 


Time of Evummation Administration of Insulin 


Date 

Sugar 

Tam 

11 a m 

3pm 

7pm 

3am 

Tam 

Noon 

3pm 

9/29/36 

Blood 

250 

160 

135 

115 


28 E 

12 E 

26E 

Urme 

+++ 

+++ 

0 

0 





9/30/36 

Blood 

255 

120 

90 

80 


23E 

12 E 

26 E 

Unne 

0 

+ 

0 

0 





10/ 3/36 

Blood 

75 

90 

125 

235 


45 B 



Unne 

+ + 

++ 

0 

++ 





10/ 4/36 

Blood 

SO 

275 

200 

250 

44 

45 P 




Urine 

+ 

+ + + 

+++ 

+++ 





10/14/36 

Blood 

60 

160 

223 

260 


40 P 




Unne 

0 

+ 

•1'+ 

+ + 






Table 9 — Data for E W ( Case 9) 


Time of Esamlnation Administration of Insulin 

< , A 


Date Sugar 

9/11/36 Blood 

Urine 

9/12/36 Blood 

Unne 

10/ 9/36 Blood 

Urine 

10/12/36 Blood 

Urine 

10/14/36 Blood 

Unne 


Tam 

11 a m 

3pm 

200 

145 

155 

+ 

+ + + 

++ 

235 

105 

85 

+ 

-H 

0 

60 

220 

180 

0 

+ 

0 

100 

135 

125 

0 

0 

0 

155 

250 

190 

0 


+++ 


7pm 

3pm 

Tam 

135 
■I — H 


25 E 

190 

+ 


25 R 

190 

0 

35 

SOP 

212 

0 

SO 

25 P 

178 

++ 

44 at 
9pm 

25 P 


Noon 

6pm 

10 pm 

10 E 

10 R 

10 R 

10 R 

10 R 

10 E 


Case 9 — E W, a man aged 24 years, weighing 76 Kg, was known to have 
had diabetes for two years He was given a diet of 80 Gm of protein, 185 Gm of 
fat and 260 Gm of carbohydrate Satisfactory regulation could not be obtained 
with less than four doses of regular insulin because of a labile type of blood sugar 
curve The fourth dose was given at 10 p m with 200 cc of orange juice Any 
attempt to lower the blood sugar level during fasting by raising the 10 p m dose 
of insulin caused a hypoglycemic reaction between the hours of 1 and 3am 
However, with protamine zinc insulin the results were no better, the number of 
hypoglycemic reactions were more frequent with the new than with the old type 
of insulin On one day it is seen that the blood sugar level fell from 212 mg to 30 
mg per hundred cubic centimeters during a period of eight hours and from 178 
to 44 mg per hundred cubic centimeters within two hours while the patient was 
receiving protamine insulin 

In this case the use of protamine insulin was not continued 
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Case 10 — M H, a woman aged 70 years, weighing 70 Kg, ^^as known to ha\e 
had diabetes for fifteen years She was given a diet containing 70 Gm of protein, 
90 Gm of fat and 200 Gm of carbohydrate Satisfactory regulation w’as obtained 
w'lth three doses of old insulin (25 units in the morning, 8 units at noon and 10 
units in the evening) She was then given 30 units of protamine insulin in one 
dose at 10 p m A hypoglycemic reaction occurred at 3 a m Gning the insulin 
at 7 a m eliminated the hypoghcemic reaction How'ever, the blood sugar cur\es 


Table 10 — Data fot M H (Case 10) 





Time of Examination 


Administration of Insulin 

Date 

Sugar 

Tam 

11 a m 

3pm 

7pm 

Sam 

7am 

Aoon 

6 p m 

12/27/3G 

Blood 

So 

115 

100 

160 


25 R 

SR 

10 R 

Urine 

T 


+ 

+ 





12/2S/36 

Blood 

85 

112 

90 

150 


25 R 

SR 

10 R 

Urine 

- 1 - 


++ 

+ 





1/ 8/37 

Blood 

90 

235 

212 

225 

35 


30 P at 10 p m 


Urine 

-I. 


++ + 

+ + + 





2/ 4 / 3,7 

Blood 

125 

200 

230 

235 

112 

35 P 



Urine 

0 

-^+ 

+ + + 

+ H — h 





2/ S/37 

Blood 

100 

175 

250 

175 


35 P 



Urine 

0 

-r + 

++-r 

+ + 








Table 11 — 

-Daia for R J 

(Case 11) 






Time of Examination 


Administration of Insuun 

Date 

Sugar 

7am 

11 a m 

3pm 

N 

7pm 

7am 

Noon 

0pm 

7pm 

10 p m 

S/21/36 

Blood 

185 

SO 

105 

150 

SOR 

12 R 

16 R 


12 R 

Unne 

0 

0 

0 

0 






8/22/36 

Blood 

150 

SO 

100 

160 

30 R 

12 R 

16 R 


12 R 


Unno 

0 

0 

0 

0 






8/27/36 

Blood 

285 

315 

235 

ISO 

45 P 






Urine 

0 

0 

0 

0 






9/ 7/36 

Blood 

300 

375 

250 

225 

35 P 

15 P 





Unne 

-r 


++ 

+ 






9/16/36 

Blood 

75 

210 

260 

250 

35 P 



15 P 



Urine 

— 

+ 

+++-^ 

++ + 






9/28/36 

Blood 

60 

150 

275 

275 

40 P 



15 P 



Urine 

0 

— 

+ 

+ + 






9/29/30 

B'ood 

70 

40 

so 

100 

40 P 



15 P 



Urine 

-UJ- 

0 

0 

0 






9/30/36 

Blood 

50 

275 

250 

185 

40 P 



10 P 



Unne 

0 

1- 

J--J- 

J- + + 





10/ 1/36 

Blood 

I'O 

ICO 

120 

90 

40 P 



10 P 



Urine 

0 

0 

0 

0 






w'ere much inferior to those obtained when three doses of regular insulin were 
being given 

In this case, regulation was not as satisfactory wnth protamine insulin as wnth 
insulin h 3 'drochloride , 

Case 11 — R J , a man aged 51 years, weighing 79 Kg , was known to have had 
diabetes for six years Diabetic coma occurred in 1935 This patient w^as given 
a diet consisting of 79 Gm of protein, 116 Gm of fat and 190 Gm of carbohj’-drate 
Regulation was difficult wnth insulin hydrochloride but was finallj'^ obtained with 
four doses The fourth dose was given at 10 p m with 200 cc of orange juice 
Treatment was then started wnth 45 units of protamine insulin given in a single 
dose at 7 a m This was unsatisfactorj' The effect of splitting the dose of 
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protamine insulin in two was next tried Thirty-five units was given at 7 a m and 
fifteen units at noon This did not improve the blood sugar curve, and the time 
for the second dose was changed to 7 p m , with still less satisfactory results 
As can be readily seen from the accompanying table, the blood sugar curves 
varied greatly from day to day 

In this case, satisfactory regulation was not obtained with one or two doses 
of protamine insulin 

Case 12 — M S , a woman aged 66 years, weighing 62 Kg , was known to have 
had diabetes for six years and had experienced diabetic coma on three separate 
occasions She received a diet which consisted of 62 Gm of protein, 90 Gm of 
fat and 190 Gm of carbohydrate Regular insulin was given three times daily 
(32 units before breakfast, 10 units before the noon meal, 34 units before the 
evening meal) The blood sugar value in the morning during fasting was very 

Table 12 — Data jot M S ( Case 12) 


Time of Examination Administration of Insulin 




1 


* 



r 



Date 

Sugar 

7am 

11 a m 

3pm 

7pm 

Sam 

7am 

Noon 

6pm 

7/19/36 

Blood 

300 

200 

100 

125 


32 R 

10 R 

34 R 

Drlne 

0 

-1- + 

0 

0 





7/20/36 

Blood 

323 

125 

75 

135 


32 R 

10 R 

34 R 

Urine 

0 

+ + 

0 

0 





7/24/36 

Blood 

200 

275 

285 

235 

40 

53 P 



Urine 

0 


H — h 

0 





7/25/36 

Blood 

235 

135 

35 

115 


35 P 




Urine 

0 

++++ 

0 

0 





S/18/36 

Blood 

75 

250 

350 

235 


33 P 


15 P 


Urine 

0 

+ 

+ + +■ + 

+ + + 





S/24/36 

Blood 

150 

200 

190 

125 


S3P 


15 P 

Urine 

0 

+ 

-^+ 

0 





8/23/36 

Blood 

125 

225 

225 

176 


S3P 


15 P 

Unne 

0 

+ + + 

++ 

0 





S/27/36 

Blood 

112 

135 

230 

235 


33 P 

15 P 


Urine 

+ + 

0 

+ 

+ 





9/2S/36 

Blood 

50 

160 

160 

165 


35 P 

15 P 



Urine 

0 

0 

0 

+ 





9/29/36 

Blood 

35 

125 

185 

270 


35 P 

15 P 


Urine 

0 

0 

0 

+ + 






high, but the values during the day were within normal limits She was given 
55 units of protamine insulin at 7 a m On the fourth day of this regimen, she 
had a severe hypoglycemic reaction at 5 a m The blood sugar content was 40 
mg per hundred cubic centimeters at that time The dose of piotamme insulin 
was then divided in two, 35 units was given at 7 a m and 15 units at 7 p m 
When this was found to be unsatisfactory, the effect of giving the second dose 
before the noon meal instead of at 7 p m was tried The blood sugar curves 
were found to be satisfactory, and the patient was discharged, receiving 35 units 
of protamine insulin at 7 a m and 15 units at noon She returned two weeks later 
in a state of severe hypoglycemic shock This condition was relieved by the 
administration ‘of dextrose intravenously Thinking that the hypoglycemic reaction 
had been due to improper dietary regulation on the part of the patient, we con- 
tinued to give her protamine insulin as on the day of her previous discharge 
The blood sugar value during fasting on two consecutive mornings was found to 
be dangerously low, so that the use of two doses of protamine insulin had to be 
discontinued 

In this case regulation was not satisfactory with one or two doses of protamine 
zinc insulin 
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COMMENT 

Of the present senes of 12 patients with diabetes mellitus chosen 
at random, 6, who had previously required two or three doses of legular 
insulin, showed satisfactory regulation with one dose of protamine zinc 
insulin Consequently, a saving of from 17 to 42 pei cent was noted 
when protamine zinc insulin w^as substituted for the regular insulin 
hydrochloride in these cases Five of these patients did w^ell when 
the protamine insulin was given at 7 a m , while in one case regulation 
was obtained onl}'’ by the administration of protamine insulin at 7 p m 
(table 1) In the great majority of cases the lowest blood sugar level 
for the twenty-four hour period was found to occur twenty hours after 
the injection when the protamine insulin was given at 7 a m and five 
hours later when it was given at 10 p m The only exception to this 
rule was noted in case 1 , the low point was observed aftei twelve hours 
when the protamine insulin w^as given at 7 p m (table 1) It was 
our constant observation that if protamine insulin given in a single dose 
was unsuccessful in producing satisfactory blood sugar curves, splitting 
the dose in two frequently caused even greater variations m the blood 
sugar curves than did one dose (tables 11 and 12) 

When the action of regular insulin is studied it is ahvays observed 
that a given amount of insulin will cause a faiily constant diop m the 
blood sugar level provided the diet remains unchanged and no infectious 
process is present, so that if the blood sugar reading is taken at the 
same time on several consecutive days, it will not vary to any great 
extent from the reading taken at the same time the da) previously 
Also the t}pe of cun^e obtained when two or three doses of regular 
insulin are given will not vary to any great extent from day to day even 
m cases of more severe diabetes This observation also holds true for 
the patients successfully regulated with protamine insulin However, the 
patients who Mere unsuccessfully treated with one or tw'^o doses of 
protamine insulin showed blood sugar curves which varied greatly from 
day to day (tables 8, 9, 11 and 12) This observation suggests that the 
action of protamine insulin in these cases is not uniform This may 
be due to a difference in the rate of absorption or to factors associated 
with the reactivation of the protamine insulin For example, in table 9 
it IS seen that on the third day there occurred a fall in blood sugar 
content from 178 to 44 mg per hundred cubic centimeters Muthiii a 
period of two hours 

The inabilit}’’ of piotamine insulin to prevent abnoimally high eleva- 
tions of the blood sugar level after meals is clearly demonstiated in all 
the cases in vffich treatment w^as unsuccessful and to a lesser degree m 
2 of the cases m which treatment was successful (tables 5 to 12) The 
blood sugar content in these cases will be noted to be much higher. 
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more frequently in the absoiptive state with protamine than with the 
regular insulin This is to be expected, because with piotamine insulin 
the rate of absorption from the subcutaneous tissue is gradual and there- 
fore there is only a small amount of insulin available for immediate use 
at any given time to cope with a sudden increase of sugar in the blood, 
such as occurs aftei meals, and for that reason a higher blood sugar 
content will be noted duiing the hours following meals when protamine 
IS used In this respect a rapidly acting insulin given before meals is 
more physiologic m its action than a slowly acting insulin 

In furthei support of the conclusion that protamine is absorbed 
slowly and that the fall m blood sugar content is gradual is the obser- 
vation reported by various investigators that many patients may show 
hypoglycemia without expeiiencing the symptoms which are associated 
with it We have corroborated this observation many times, particu- 
larly when we have had occasion to make the blood sugai reading at 
3am At that time the blood sugar level is fiequentl} found to be 
below 50 mg pei hundred cubic centimeters, but the patient does not 
have symptoms of hypoglycemia This occurrence of “symptoinless 
hypoglycemia” with slowl}'' acting insulin we consider a great disadvan- 
tage which may prove to be quite haimful It is well known that an 
anginal attack may be brought on by a low blood sugar content, par- 
ticularly in diabetic patients with arteriosclerosis “ Wilder ° has recently 
reported that if in dogs the blood sugar content is kept at a low level 
for a certain length of time, the attempt to raise the content by the 
intravenous administration of dextrose frequently results in death of 
the animal Somogyi ' has presented evidence to show that after hypo- 
glycemia there occurs a compensatory period of hypergl} cemia in the 
diabetic patient, with an inci eased degree of glycosuria as well as a 
reduced tolerance for sugar We therefore believe that it is better 
for a patient to have a model ately elevated blood sugai level duiing 
the night than a low one Since with the use of piotamine insulin 
the low point usually falls around 3 a m and hypoglycemia may occur 
without symptoms, the importance of determining the blood sugar level 
at this hour is at once evident When employing protamine insulin we 
found that the principles commonly followed for treatment with legular 
insulin had to be modified Whereas with regular insulin the highest 
blood sugar value obtained duiing the twenty-foui hour peiiod is taken 

5 Parsonnet, A E , and Hj^man, A S Insulin Angina, Ann Int Med 4 
1247-1256 (April) 1931 

6 Wilder, R M Clinical Investigations of Insulins with Prolonged Activity, 
Ann Int Med 11 13-30 (July) 1937 

7 Somogyi, M Hypergb’^cemic Response to Hypoglj cemia in Diabetic and 
m Healthy Individuals, Proc Soc Expei Biol & Med 38 51-55 (Feb ) 1938 
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as the important figure and for that leason the morning value during 
fasting IS the chief criterion of the state of regulation of the diabetes, 
when protamine insulin is used the low point also has to be watched 
Foi that reason a 3 a m estimation of the blood sugar content is to be 
recommended This, of course, is difficult to secure unless the patient 
is in a hospital 

Examination of the charts, as already pointed out, reveals the fact 
that if protamine zinc insulin is administered at 7 a m , the lowest blood 
sugar value in the twenty-four hour peiiod will be obtained in nearly 
all cases after twenty hours On the other hand, if the injection of 
insulin IS made at 10 p m , the low point will in most cases occur after 
file hours This fact makes the administration of protamine insulin 
at night unsuitable in most cases, since the greatest effect of protamine 
insulin would be desirable after the elapse of about ten hours, when 
breakfast is due (this occurred in only 1 of our series of cases , table 1 ) 
Why the low point should occur after five hours when protamine insulin 
IS given at 10 p m is a matter of speculation One would expect that 
since the effect of protamine insulin is continuous, the fall in blood sugar 
level ought to continue well after 3 a m , so that the 7am value would 
be lower than the 3am value However, as can be seen from tables 
2, 5 and 6, such is not the case Aftei this low point, if a hypoglycemic 
reaction does not occur the blood sugar level will rise, so that the 7am 
value will be higher than the 3am value A possible explanation 
IS that the falling blood sugar level causes stimulation of the adrenal 
glands, with consequent liberation of glycogen from the liver so that 
the blood sugar value will rise once this critical level is leached When 
this compensation does not take place, a hypoglycemic reaction will 
occur 

SUMMARY 

Fluctuations in the blood sugar values for 12 diabetic patients who 
were first treated with regular insulin and then with protamine zinc 
insulin are presented 

In 50 per cent of our cases, regulation was successful with one 
daily injection of protamine insulin, and the total requirement for insulin 
was reduced from 42 to 17 per cent 

In 50 per cent of the cases, satisfactory regulation could not be 
obtained with either one or two doses of protamine insulin 

In agreement with the reports of other investigators we found that 
protamine insulin had a more gradual and prolonged lowering effect 
on the blood sugar content than did regular insulin hydrochloride 

In 5 of our cases in which treatment with protamine insulin was 
successful, the insulin was administered at 7 a m In 1 case regulation 
was obtained when the protamine insulin was given at 7 p m 
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The impoitance of determining the blood sugai value at 3 a m 
when regulation has apparently been obtained with piotamine insulin 
IS pointed out 

The renal threshold for dextiose may vaiy for an individual from 
time to time 

CONCLUSION 

In oui series of cases the lowest blood sugar level during the twenty- 
four hour period was found to occur {a) after twenty hours when the 
protamine insulin was injected at 7 a m and (&) after five hours and 
m 1 case after twelve hours when it was injected at 10 p m 

In view of the unceitainty legarding the occuirence of the lowest 
blood sugar level after the injection of protamine insulin, it is obvious 
that the use of this material by physicians for the treatment of patients 
in their homes is likely to be associated with more frequent low blood 
sugar levels than when regular insulin hydrochloride is used 

Since many believe that hypoglycemia is more dangeious to the 
patient’s well-being and therefore more to be avoided than moderate 
hyperglycemia, a distinct question is raised regarding the selection of 
patients amenable to treatment with protamine insulin 
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For the last fifteen )’-ears a group at the Mayo Chnic have been 
interested in the difficult problem of diffuse arterial disease with hyper- 
tension Periodically an unusual case of this disease is encountered 
which upsets prevailing ideas and compels an alteration of views with 
regard to the general problem In this paper we wish to describe and 
discuss 2 such cases They are undoubtedly extreme examples, but 
they present interesting features that are not altogether typical and 
accentuate important points which may add to the knowledge of the 
group of more general examples The patients were both physicians in 
the prime of life, and diffuse arterial disease was the cause of death 
in both cases The clinical course and the retinal and pathologic data 
will be stressed in this report 

Case 1 — On May IS, 1936, the first patient, a physician 46 years of age, came 
to the clinic complaining of profound fatigue, pains in the extremities, irregularity 
of the heart beat, polyuria and nocturia The family history was irrelevant 
He had diphtheria at the age of 6 years and mumps at 13, followed by orchitis on 
the right side He had gonorrheal urethritis at 19 His tonsils were removed 
when he was 24, and he underwent appendectomy when he was 31 

He attributed his current illness to an incident which occurred in February, 
three months before his visit to the clinic When returning from a midnight visit 
to a patient, he suffered severe exposure when his car stalled and he had to crawl 
under it to make some repairs, the temperature being 24 F below zero Four 
days later chilly sensations, fever and backache in the lumbar region developed 
Fever continued daily, the temperature mounting to 103 or 104 F daily for two 
weeks Later he became progressively more fatigued In March nocturia appeared, 
and often he passed 1,500 to 2,000 cc of urine during the night In April he 
noticed that his heart beat was irregular He continued to practice medicine, 
however, in spite of these symptoms 

On examination at the clinic on May 15 his blood pressure in millimeters 
of mercury was 165 systolic and 120 diastolic (fig 1) He weighed 195 pounds 

From the Division of Medicine and the Section on Ophthalmology, the Mayo 
Clinic 
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(88 6 Kg) Vision in the right eye was 6/7, in the left, 6/6 The ocular fundi 
were normal There were occasional extrasystoles, but no other cardiac abnormality 
was detected A single specimen of urine contained no albumin or casts, and only 
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Fig 1 (case 1) — Charts showing the variation m temperature, pulse rate and 
blood pressure, m the concentrations of hemoglobin and protein in the blood and 
serum, m intake of fluid and volume of urine and in replts of urinalyses 
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6 pus cells were present per high pow'cr field The blood urea content was 26 
mg per hundred cubic centimeters (table 1) Roentgenograms of the thorax 
and of the region of the kidneys, ureters and bladder Avere normal No definite 
diagnosis was established, and the patient w^as sent home to rest 

One w'eek after the patient left the clinic lie began to vomit whenever he 
ate, and often he strained and tried to vomit even when his stomach was cmptA 
He bad severe headaches once or twice w^eekly and said he felt as though his 



Fig 2 (case 1) — Chart showing variations in blood urea and plasma chloride 
A'alues in relation to intake of fluid and volume of urine 

head w'ere m a vise He would sometimes drop off to sleep while consulting 
with a patient He had spells of severe crying Pains in the extremities became 
marked and “drove him wild ” One w'eek before his second visit he aAvakened 
to find that his vision was dim, and subsequently he was able to read only wuth 
great difficulty 

He returned to the clinic on June 14, 1936 While making a reexamination. 
Dr F A Willius noted that the patient’s heart was overactive The heart late 




Table 1 — Data on the Blood (Case 1) 


Tirst Visit Second Visit 


Date, 1936 

5/15 5/16 

6/15 

C/IC 6/19 

6/22 

6/25 

6/26 6/27 

6/29 

Hemoglobin, Gm per 
100 cc 

15 4 

13 3 

11 9 


12 5 


14 5 

Erj throcsdes, millions 
per cu mm 

4 03 

3 59 

4 09 


3 37 



Leukocytes, per cu 

mm 

S,9C0 

15,200 

11,000 


22,000 

25,100 


Ljmphocytes, per cent 

9 

10 5 

8 5 



8 


Monocytes, per cent 

7 5 

7 5 

5 



4 5 


Aeutrophils, per cent 

80 5 

SO 

86 



SO 5 


Eosinophils, per cent 

2 5 

1 5 

05 





Basophils, per cent 

Mj elocytes, per cent 

0 5 

0 5 




1 


Normoblasts, per cent 






1 5 


Morphologic appear 
ance of blood smear 

No features of 
pernicious 



To\ic, 

2* 


Toxic, 

3*“ 



anemia 


Urea, mg per 100 cc 

26 

32 

44 


202 

291 

390 

Creatinine, mg per 100 
cc 

Serum sulfate, mg per 

100 CO 

Sugar, mg per 100 cc 

109 

102 

42 


SS 

84 

88 

Plasma chloride (as 
sodium choride),mg 
per 100 00 


481 

445 


455 

554 

669 

Carbon dioxide com 
bining power of 
plasma, volumes per 
cent 



70 


53 

57 

56 

Urea clearance, cc per 
minute 



58 





Volume of urine, cc 
per hour 

1 


255 





Sulfate clearance, cc 
per minute 

Plasma cholesterol, 

mg per 100 cc 



55 

151 




Serum calcium, mg 
per 100 cc 




8 




Serum protein, Gm 
per 100 cc 




56 



82 

Albumin globulin ratio 




112 




Serum nonprotein 
nitrogen, mg per 100 
cc 




67 




Serum sodium, mg per 

100 cc 




313 

313 


414 

Serum potassium, mg 
per 100 cc 




12 8 

17 6 


17 9 

Hematocrit reading, 

% 





36 




* Grade 
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was 108 per minute, and the tones were tumultuous There was marked accentua- 
tion of the aortic second sound without apparent enlargement of the heart Dr 
Willius suggested that a vasospastic type of hypertension might be developing 
A roentgenogram of the stomach was made to rule out any local lesion as a 
possible explanation for the vomiting, it revealed no abnormality Routine urinalysis 
showed the presence of a trace of protein and a few erythrocytes 

The patient was admitted to the hospital on June 18 At that time there was 
no dyspnea, and only slight cyanosis was noted He looked pale There was 
slight puffiness of the eyelids, which he believed was natural to him His vision 
was 6/15 in the right eye and 6/10 in the left He was able to read Jaeger 
test type 0 50 with glasses The visual fields were roughly normal The pupils 
reacted to light and in accommodation Ophthalmoscopic examination revealed 
localized and generalized narrowing of the retinal aiterioles (graded 1 to 2 in 
the larger and 3 in the smaller ones) without visible evidences of sclerosis, edema 
of the optic disks, diffuse edema of the peripapillary retina, scattered cotton- 
wool patches and hemorrhages, a few yellow foci in the choroid and, in the 
right eye, extensive subretinal edema which had produced detachment of the 
lower part of the retina This picture resembled that seen at times m eclamptic 
toxemia of pregnancy and was interpreted as indicating acute angiospastic 
retinitis ^ It was thought at this time that the yellow foci in the choroid might 
represent localized spasms m the choroid arteries, but in view of the histologic 
observations they were probably due to hyaline infiltration in the walls of the 
arteries of the choroid The patient’s breath was not uremic, and his lungs were 
clear There was a systolic heave over the entire precordium, and the left nipple 
rose and fell with each heart beat The cardiac borders extended 3 cm to the 
right and 11 cm to the left of the midsternal line The cardiac action was 
regular There was a short aortic systolic murmur, followed by an accentuated 
second sound (accentuation, grade 2 plus) The abdomen was soft on palpation 
The liver could not be felt The peripheral sclerosis was graded 3 and was of the 
rubbery type The patient had no edema There was no gross neurologic 
abnormality, Kernig’s sign and rigidity of the neck were absent There was, 
however, marked generalized muscular tenderness, particularly in the biceps brachii 
and in the supcaspinatus and quadriceps extensor groups 

On June 20, two days later, urinalysis revealed the presence of albumin, 
grade 2, erythrocytes, grade 3, and a few hyaline casts (fig 1) The arterioles 
of the retina showed increased generalized and localized spasm The edema had 
receded to some extent from the upper portion of the retina, but more cotton- 
wool patches were present, and the lower part of the retina in each eye was definitely 
detached as a result of the subretinal edema Culture of the blood made on June 
21 was sterile On that same day examination of the capillaries of the nailfold 
by the techmc of Lombard revealed fairly long loops in which both limbs were 
decreased in caliber, the flow was markedly increased and of the spurting type, 
but the number of loops in each area was about normal 

On June 22 the patient was not clear mentally, and the urinary output for the 
preceding twenty-four hours was only 600 cc (figs 1 and 2) It was discovered 
that the liver had descended to 9 cm below the right costal margin in the mid- 
clavicular line At 1 30 p m on the same day an intravenous infusion of 25 
per cent solution of dextrose was being given, 450 cc had run into the vein when 

1 Wagener, H P , Barker, N W, and Burke, C F Acute Angiospastic 
Retinitis Occurrence in Cases of Severe Hypertension and Renal Disease, Am 
J M Sc 185-517-529 (April) 1933 
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the patient suddenly became cyanosed and had to sit up in bed for breath He 
coughed up frothy blood-stained sputum Bubbling rales were heard over the 
entire pulmonary field 

On June 23 at 8 a m the patient seemed more irritable than usual His 
respirations were periodic, but no actual apneic periods were noted The pulse 
rate varied from moment to moment in a remarkable manner, slowing to 64 beats 
and then, within a few seconds, increasing to 104 beats per minute These 
variations had no exact relation to respiratory changes The total urinary output 
had dropped in the previous twenty-four hours to only 180 cc (Eg 1) On 
percussion the area of cardiac dulness was found to be definitely widened, measur- 
ing 3 5 cm to the right and 13 cm to the left of the midsternal line No rales 
or other abnormal signs could be discovered on examination of the thorax, 
although a roentgenogram showed diffuse opaque patches throughout both lungs 
(fig 3) The cerebrospinal fluid obtained at 11 a m was clear, the initial 
subarachnoid pressure was 30 cm of water and the response to the Queckenstedt 
test was prompt and satisfactory At 3 30 p m 'phlebotomy was performed, 
and 500 cc of blood was removed 

On June 24 at 8 a m the patient seemed slightly drowsy but answered 
questions intelligently There was some twitching of the arms The neck was 
not stiff, and Kernig’s sign was not present On this day reexamination of the 
capillaries of the nailfold showed an increased number of loops m each field, 
otherwise there was no change, and the capillary blood was not cyanotic 

On June 25 the patient’s temperature rose to 102 F (fig 1) The electro- 
cardiographic tracings made on June 19 and 23 showed no characteristic or 
distinct abnormalities A culture was made of a specimen of urine obtained by 
catheter on that day and was found to be sterile 

On June 26 at 8 a m the patient was in a peculiar restless semicomatose state 
He was able to obey simple commands There was no other gross neurologic 
abnormality His respirations continued to be periodic, and, in addition, there 
were apneic periods lasting as long as ten seconds Chemical analysis of the 
blood revealed marked renal insufficiency (table 1 and fig 2) 

On June 27 at 8 a m the cerebrospinal fluid was clear, and the initial sub- 
arachnoid pressure was 2 cm of water The apneic periods were as long as 
fifteen seconds No evidence of meningeal irritation was present, and no organisms 
were seen in the stained smears of cerebrospinal fluid Ophthalmoscopic examina- 
tion revealed an increase in the edema of the retina The detached portions of 
the retina were elevated about 8 diopters The disks were definitely edematous, 
the elevation measuring 2 diopters Cotton-wool patches and hemorrhagic areas 
were quite numerous Punctate areas of exudate in the macular region of the 
edematous retina indicated the commencing formation of star figures A roent- 
genogram of the thorax revealed clear pulmonary fields (fig 3) 

On June 28 at 8 a m the patient was throwing his arms and legs around in 
bed There was no cyanosis The pupils were dilated Examination of the blood 
indicated further impairment of renal function (table 1 and fig 2) 

On June 29 the heart had decreased in size On percussion its borders were 
tound to extend 3 cm to the right and 10 5 cm to the left of the midsternal 
line The heart sounds were barely audible, and there was a to and fro leathery 
murmur in the third interspace to the left of the sternum The cardiovascular find- 
ings were those of shock Culture of the blood made on this day was sterile The 
patient died at 7 20 a m on June 30 

The following note was made by Dr A R Barnes on a series of electrocardio- 
graphic tracings taken on May 15 and on June 19, 23 and 29 “The initial elec- 
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trocardiogram taken on May 15 was within normal limits The tracing taken 
at the time of the second entrj'-, June 19, showed a decreased voltage in all leads 
The tracing on June 23 showed improved voltage of the T wave of lead II and 
a normal fourth lead On the morning of June 29 there appeared m the tracing 
a Q wave in lead III, the T wave in the same lead was inverted and Ts became 
diphasic The Q wave in the fourth lead showed less excursion, and the T wave 
was definitel}’^ shallower In the tracing taken in the evening the T wave was 
inverted in leads II and III, a Qt was present The amplitude of QR4 was 



Fig 3 (case 1) — Teleroentgenograms of the thorax taken on J\lay 15 {A), 
June 23 {B) and June 27, 1936 (C) The first and last ones (/4 and C) are 
essentially the same The one taken on June 23 (5) shows areas of congestion 
in both lungs 

reduced, and the T wave in lead IV was shallow or diphasic There was nothing 
in these tracings suggesting either hypertension or acute coronar}^ occlusion ” 

Ncctopsy Obseivattons — The outstanding pathologic changes in the vascular 
system were in the smaller arteries which measured approximately 100 to 500 
microns m diameter and in the arterioles which measured from appioximately 
oO to 100 microns in diameter The smaller arteries in man}'' organs were diffusely 
inflamed, and this inflammation was seen in various stages of development In 
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some instances the walls of the vessels were infiltrated with moderate numbers 
of lymphocytes, and a few lymphocytes had collected about the external coat 
Where the process was more advanced the inflammatory reaction was more 
pronounced m the wall of the artery, in places leading" almost to complete destruc- 
tion of the muscular coat In some vessels the subendothelial tissues were par- 
ticularly invaded with inflammatory cells and were markedly thickened This 
thickening occurred at the expense of the lumen, and in many instances the sub- 
endothehal inflammation had entirely obliterated it In these vessels the Weigert 
stain for elastm showed the internal elastic lamina to be apparently displaced toward 
the periphery, so that the muscle existed merely as a thin band about the greatly 
thickened subendothelial layer Where inflammation was most advanced, all the 
coats of the artery were destroyed, and the wall of the vessel was converted into 
a mass of scar tissue 

The arterioles showed changes characteristic of hypertension The walls were 
thickened generally, with a resulting diminution in the ratio of the thickness 
of the wall to the diameter of the lumen Thickening of the wall was due in 
part to an increased number of muscle cells in the medial coat In some instances 
the endothelial lining appeared to be “piled up ” About many arterioles there 
was a small region of fibrosis, and some had perivascular collections of lympho- 
cytes Differential stains did not show any increase in fibrous tissue in the 
arteriolar walls, and signs of degeneration were in general absent Occlusion 
of the arterioles was not common, and the stain for elastm did not show any marked 
change in the elastic lamina 

The changes described in the arteries were seen in the choroid layer of the 
eyes, in the kidneys, heart, liver, spleen, pancreas, fibrous capsules of the adrenal 
glands and prostate gland and in both the large and the small bowel The 
arteriolar changes described w-ere also present in these organs, and m addition 
they were present in the voluntary muscles The vessels of the lung w'ere not 
markedly altered (figs 4 to 6) 

The right kidney weighed 160 Gm and the left 178 Gm The capsules stripped 
easily There were multiple elevated yellowish areas of recent infarction on 
the renal surfaces, var\mg from a few millimeters to 1 cm in diameter Micro- 
scopically, thrombosed vessels were seen leading to the infarcts Many glomeruli 
in noninfarcted regions were intact There were some areas of parenchjmiatous 
degeneration of the tubules, but these were not widespread Congo red stain did not 
reveal the presence of amyloid in the kidney or its vessels 

The heart weighed 460 Gm There was sclerosis, grade 2, of the coronary 
arteries, but none w^as occluded The left ventricle was dilated, grade 3 On 
microscopic examination small areas could be seen beneath the epicardial covering 
on the ventral aspect of the intraventricular septum, m which the cardiac muscle 
had been completely destroyed and replaced by loose fibrous tissue These areas 
were probably small infarcts Elsewhere the myocardium appeared to be normal 
The scarlet red stain demonstrated fatty degeneration of some of the muscle 
fibers of the heart Congo red stain did not reveal the presence of any amyloid 

The spleen weighed 191 Gm , and there were several small nodules of chronic 
tuberculosis scattered about its surface The liver weighed 913 Gm , and numerous 
nodules of chronic active tuberculosis were present on its surface 

There was a small area of atelectasis in the middle of the lower lobe of the 
right lung, and evidence of chronic tuberculosis was seen in the lymph nodes 
of the hilus of the right lung There were a few nodules of healed tuberculosis 
in the subpleural region of the upper lobe of the right lung 











Fig 5 (case 1) — A, photomicrograph of the fibrous capsule of the adrenal 
gland Small arteries show replacement of all the coats by an inflammatory process 
Hematoxylin and eosin stain, X 100 B, pectorahs major muscle The arterioles 
show proliferation of the intimal endothelium, thickening of the media, penarte- 
riolar fibrosis and an increased number of lymphocytes Hematoxylin and eosin 
stain, X 500 C, kidney A small artery shows mild periarteritis with fibrosis and 
thickening of the wall and narrowing of the lumen Hematoxylin and eosin stain, 
X 185 
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The pancreas weighed 100 Gm , and there was a small area of chronic 
tuberculosis in the tail The aorta showed atherosclerosis, grade 2 

In each ocular bulb there were numerous small flame-shaped hemorrhages, and 
each retina was seen to be detached from the choroid by serofibrinous exudation 
Histologically the most interesting and the only unusual finding was in the medium- 
sized arteries of the choroid In approximately 20 per cent of these arteries, 
hyahn-like necrosis of the media was present The hyalin-like material was 
fragmented and clumped into small masses, simulating the appearance m amyloid 
disease It stained bright pink with eosin and did not contain any nuclei There 
was no proliferation of the mtima There was slight proliferation of the 
adventitial connective tissue (fig 6) 

The vessels of the brain were normal except for slight thickening of the walls 
of the arterioles In the vessels of the pia-arachnoid, at the bottom of some of 
the sulci, there were chronic inflammatory changes 



Fig 6 (case 1) — A small artery in the choroid layer of the eye The lumen 
of the vessel is irregular The inner portion of the media shows necrosis and irreg- 
ular clumps of hyalin-like material The adventitial connective tissue shows slight 
proliferation Hematoxylin and eosin stain, the tissue being embedded in photoxylin, 
X 435 


Case 2 - — This patient, also a physician, \vas 49 years of age when he first 
came to the clinic, on Oct 5, 1931 According to the family history, his father 
died of pernicious anemia at the age of 62 and his mother of hypertensive cardio- 
\ascular disease with angina pectoris at the age of 72 The patient had 3 childien, 
living and well He had diphtheria and scarlet fever m childhood, typhoid at 
the age of 17, followed by phlebitis of the left leg, and influenza during the 
epidemic of 1918 He underwent appendectomy at the age of 27 and tonsillectomy 
at the age of 39 

2 Dr Lester J Palmer, of Seattle, supplied many of the details of the history 
and course in this case and many of the pathologic data 
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When ^the patient was 46 years old, three years before his first visit to the 
clinic, he began to notice occasional momentary attacks of precordial distress and 
slight dyspnea when he ran or when he climbed a hill These attacks were not 
definitely painful, and there was no projection of the distress Both distress and 
dyspnea rapidly subsided with rest In February 1930 a competent clinician 
examined the patient and found “no marked abnormality of the heart, blood 
pressure or electrocardiogram ” In September 1930 the blood pressure was again 
found to be normal In September 1931 hypertension was discovered during a 
routine examination 

On examination at the clinic the patient weighed 210 pounds (95 4 Kg ) 
clothed He was S feet and 11 inches (180 cm ) m height A single determination 
of the blood pressure was 170 systolic and 120 diastolic He was well nourisned, 
and there was no anemia or edema The pupillary reflexes were normal The 
lungs were clear The heart measured 3 5 cm to the right and 12 cm to the 
left of the midsternal line, its action was regular and there were no murmurs 
There was slight accentuation of the aortic second sound, and a slight systolic 
heave was visible over the precordium Abdominal and rectal examinations 
revealed no abnormality, and there was no gross neurologic abnormality On 
palpation only slight sclerosis of the peripheral arteries was found Vision was 
6/7 in the right eye and 6/6 in the left Examination of the ocular fundi revealed 
mild sclerosis (grade 1) of the hypertensive type m the retinal arterioles 

The urine at this time contained no albumin or casts There was no anemia, 
the hemoglobin value being 17 5 Gm per hundred cubic centimeters, the erythro- 
cyte count 4,920,000 and the leukocyte count 6,800 per cubic millimeter of blood 
The value for blood urea was 22 mg and that for serum sulfates 5 7 Gm per 
hundred cubic centimeters The excretion of phenolsulfonphthalem w'as 60 per 
cent in 225 cc of urine within two hours The results of electrocardiographic 
examination at this time were reported as follows rate, 69, sinus bradvcardia, 
preponderance of the right ventricle , an isoelectric T w^ave in lead III , a lengthened 
Q wave in lead HI, a notched QRS complex in lead II and a slurred QRS 
complex in leads I and HI When the blood pressure was taken hourly over 
a twenty- four hour period the variations w’ere systolic, 115 to 150, and diastolic, 
70 to 110 mm of mercury (fig 7) 

In June 1933 the patient returned for reexamination He was then 51 years 
of age He was having some extrasystoles and an occasional tight feeling across 
the chest His weight had decreased to 184 pounds (83 6 Kg ) At a single 
determination the blood pressure was 150 systolic and 110 diastolic The aortic 
second sound was accentuated, grade 2, but physical examination revealed no 
other changes The patient’s symptoms remained unchanged until December 
1935, when for a period of several weeks he was under marked mental and 
physical strain During this time he had several episodes of sev'ere substernal 
distress In some of these attacks there w'as definite projection of the distress 
to the left axilla and arm Some alarm was felt concerning his condition, and he 
w^as placed in a hospital He seemed to improve over a period of four weeks, 
but pleurisy suddenly developed on the right side, and he was confined to bed for 
another month Numerous readings of the blood pressure during this period 
of hospitalization varied from 105 to 125 systolic and from 70 to 90 diastolic 
(table 2) Urinalyses showed only a trace of albumin and only an occasional cast 
Determinations of certain constituents of the blood between December 25 and 
April 1 revealed a urea content of 43 mg', a creatinine content of 1 4 mg and 
a cholesterol content of 165 mg per hundred cubic centimeters During this sa'me 
period several examinations revealed a normal content of hemoglobin and a normal 
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number of erythrocytes On March 18 a roentgenogram of the thorax reAcaled 
a moderately enlarged cardiac shadow, apparently no greater than that seen in 
October 1931, four and a half j ears previously (fig 8) 

Between Feb 27, 1931, and IMarch 16, 1936, ten electrocardiographic tracings 
were taken Dr Barnes has reviewed these in detail, as in the previous case, 
and the following is a summary of his impressions “Right axis deviation was 



PM AM 

Fig 7 (case 2) — Blood pressure readings taken over a twenty-four hour period 
on Oct 7, 1931 


Table 2 — Blood Piessnie Readings (Case 2) 


Blood Pressure, Mm Hg 

A 


Date 

r” - ■ 

Systolic 

^ 

Diastolic 

9/25/31 

180 

120 

10/ 5/31 

170 

120 

10/ 7/31* 

6/ 8/33 

150 

110 

12/28/35 

125 

90 

1/ 2/36 

125 

90 

1/ 9/36t 

105 

70 

1/11/36 

110 

70 

1/22/36 

115 

85 

2/10/36 

105 

70 

2/13/36 

120 

80 

2/16/36 

120 

80 


• Vanatlon m twentv four hour penod systolic, 115 to 150, diastolic, 70 to no 
t Hemoglobin, 13 8 Gm per 100 cc , erythrocytes, 4,800,000 per cu mm leukocytes, 10,600 
per cu mm 

indicated in the first tracing (Feb 27, 1931) in spite of an expectancy of left 
axis deviation as a result of hypertension There was also an associated flatten- 
ing or diphasic change in the T wave m lead I , however, when these changes were 
first observed there was no demonstrable increase in the width of the QRS 
complex Tracings taken from Dec 23, 1935, until March 16, 1936, revealed 
evidences of bundle branch disturbances, indicated b\ an increasing width of the 
QRS complex as well as notching or slurring or both A detailed study revealed 
that first the left and later the right bundle branches were involved At no time 
W’as the bundle branch defect complete, and m general it seemed of moderate degree 
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In view of the subsequent changes in the QRS complex it seems reasonable to 
assume that the bundle branch injury accounted for the earliest changes All these 
changes may be interpreted as a result of sclerosis in the coronary arteries supplying 
the bundle branches The tracings gave no evidence at any time of acute coronary 
occlusion ” 

In March the patient gradually became more active and resumed part-time 
work The urine continued to be free from albumin and casts Several ophthalmo- 
scopic examinations were made subsequent to Oct 6, 1931, the last being made on 
April 20, 1936 There was always slight sclerosis of the retinal arterioles, but at 
no time was there any evidence of retinitis 

On April 6, 1936, the patient drove his car home from his office in the evening 
and as he alighted noticed numbness of the left foot He thought that slight pres- 
sure on a nerve had resulted from his position while driving This numbness 
increased, however, and after an hour he called a colleague, who discovered marked 
pallor of the leg and absence of pulsations from the vessels below the femoral 



Fig 8 (case 2) — Teleroentgenogram of the thorax, March 18, 1936 

artery There was no pain On April 8 the patient was found semiconscious, with 
complete left hemiplegia From April 16 to 26 he had hiccup His left foot then 
became gangrenous, and on May 2 amputation was performed through the mid- 
portion of the thigh Histologic examination of a medium-sized artery from the 
amputated leg revealed marked destruction of the medial coat, with extensive 
deposits of calcium and atheromatous formation There was thrombosis with 
beginning organization which completely occluded the lumen of the vessel (fig 
9 A) There was ancient thrombosis of the accompanying vein, which was entirelv 
organized and contained numerous canals 

On May 6 pulsations disappeared from the vessels of the right leg, and shortly 
after this it became evident that there was blockage of the circulation to the sacral, 
gluteal and lower lumbar regions In this region a large infected decubital ulcer 
developed The patient slowly became weaker and died on June 20 

Necropsy Obseivations — At necropsy the lining of the upper half of the aorta 
showed marked atherosclerosis, approximately 65 per cent of the lining being 
involved Immediately below the origin of the renal arteries the aorta was com- 





ROSENBERG ET AL— ARTERIAL DISEASE 


475 


pletely occluded by a large organized thrombus which extended peripherally into 
both iliac arteries There was a large antemortem thrombus in the lo\ser portion 
of the inferior \ena cava, approximately 12 cm in length 



Fig 9 (case 2) — A, an artery of the left leg, showing thrombosis and deposits 
of calcium in the arterial wall Hematoxylin and eosin stain , X 30 B, the abdom- 
inal aorta, showing atheromatous plaques containing cholesterol crystals Hema- 
toxylin and eosin stain, X 20 


The heart weighed 525 Gm There were moderate hypertrophy of the wall 
and dilatation of the chamber of the left ventricle There was moderate to marked 
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atherosclerosis of the coronary arteries but no gross scarring of the myocardium 
The kidneys together weighed 350 Gra The capsules stripped easily, and they 
were architecturally well preserved Also present were bronchopneumonia and 
purulent tracheobronchitis, with multiple infarcts in the spleen The brain was 
not examined 

Microscopic examination of the aorta showed marked irregular narrowing and 
destruction, with fibrosis of the arterial wall Large areas of the vessel showed 
atheromatous formation with cholesterol clefts There was some deposition of 
calcium in the atheroma Numerous areas of lymphocytes were scattered through 
the wall and in the adventitia The picture was that of advanced atherosclerosis 
(fig 9B) 

A section of the vena cava at the level of the thrombus showed almost complete 
occlusion, with numerous histiocytes and some blood pigment in the margin of the 
clot The clot was adherent to the wall of the vein The wall contained a moderate 
number of fibroblasts and a few lymphocytes These findings indicated nonspecific 
thrombophlebitis, several weeks or even a few months old 

The cardiac muscle showed some variation in the size of the nuclei One definite 
area of fibrosis was seen, but this was not extensive There was some increase 
m the fibrous tissue between muscle fibers, and the small veins and venules appeared 
to be dilated Arterioles appeared normal These observations possibly indicated 
some chronic infarction and fibrosis of the myocardium, but there were insufficient 
sections to be certain of either 

In the liver some congestion was seen around the hepatic veins Some fatty 
infiltration of the parenchyma was present, but the blood vessels were esentially 
normal The lungs showed patchy bronchopneumonia and bronchitis of the small 
and terminal bronchioles The pulmonary vessels were not abnormal 

COMMENT 

Chmcal CoMse — The complex nature of diffuse arterial and aiten- 
olar disease is exemplified in these 2 cases In case 1 the course was 
rapid, the hypertension sustained and the terminal phase explosive The 
final clinical manifestations were due to marked dysfunction of the 
retina, choroid, central nervous system, heart and kidneys We have 
noted previously a similar but moie slowly developing teiminal syn- 
drome in so-called malignant hypertensive disease A logical inter- 
pretation of such findings is that theie is a simultaneous interference 
with the blood supply to these vital organs due either to acute vasospasm 
or to acute or chronic pathologic lesions in the majority of the arteri- 
oles These and other facts indicate that there is a close relation 
between diffuse aitenolai dysfunction and hypertension Of added 
interest m the first case was the history of initial fever and of fever 
during the last week of life together with polymoi phonuclear leuko- 
cytosis These clinical evidences of toxemia and the presence of 
mflammatory-like lesions m the small arteries suggest the possibility 
that the vascular disease was of infectious or toxic origin 

The relatively slower clinical course, the periods of comparatively 
good health and the mild hypertension in case 2 were associated with 
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the de\ elopinent of atherosclerotic lesions in the arteries The terminal 
clinical picture was due to the development of thiomboses m the vicinit} 
of the atheromatous lesions Strange as it may seem, actual coronar} 
thrombosis did not occur The moderate and fluctuating hypertension 
was probably due to a slight and nonprogressive disturbance of the 
arterioles 

Retinal Pictui e — The retinal change seen in case 1 was of the type 
which IS usually spoken of as typical of “albuminuric retinitis”, it was 
characterized by diffuse edema of the retina and of the optic nerve, 
with various hemorrhagic and exudative lesions and with visible changes 
in the retinal blood vessels This retinitis is often considered to be 
primarily nephritic in origin Of course, renal insufficiency may develop 
at the same time or soon after retinitis of this type, but the development 
of renal insufficiency may be delated for a long period after the 
development of the retinitis It is therefore improbable that the renal 
insufficiency in itself has any influence on the production of retinitis 
of this charactei Retinitis rarely develops in these cases without the 
development coincidentally or previously of a considerable elevation of 
the blood pressure A rapid ele\ation of blood pressure is usually 
accompanied b}'’ generalized and irregularly distributed localized nar- 
rowings in the arterioles of the retina These arteriolar changes usually 
precede the retinitis Since it is usually impossible to find histologic 
counterparts for these clinically visible irregularities in the arterioles, 
we like to consider this type of retinitis as angiospastic, especially since 
the changes in the vessels develop rapidly and may disappear rapidly 
and spontaneously 

In case 1 evidence of general and irregular narrowing of the arteri- 
oles in the retina was extreme, particularly in some of the smaller 
branches of the arterioles, and this narrowing developed rapidly, cer- 
tainly within a few weeks These retinal changes suggested that there 
was a rapidly developing lesion of the small arterioles throughout the 
body In addition to the usual lesions of angiospastic retinitis, sub- 
letinal edema was present m amounts sufficient to detach the retinas 
measurably The source of this edema was probably the vascular lesions 
m the choroid wdiich we originally interpreted, possibly incorrectly, as 
being angiospastic In any event, the presence of these lesions sug- 
gested that the vascular disease w^as even more widespread and that it 
involved larger vessels than are affected in the usual case of vasospastic 
h}pertension This widespread distribution and unusual nature of the 
lesions in the small arteries and arterioles were demonstrated at 
necropsy 

In contrast with the observations in case 1, the retinal changes in 
case 2 were minimal They consisted of mild arteriovenous compression 
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and mild narrowing of the retinal arterioles, also present was a slight 
change m the color of the arterioles These ophthalmoscopic signs aie 
interpreted by some to represent an increase of vasomotor tone in the 
arterioles, but we like to think of them as indicating a mild thickening 
of the media residual to a mild angiospastic episode, similar in type but 
less severe m degree than that seen in acute vasospastic hypertension 
In cases of this type m which the angiospastic episodes do not recui, 
these retinal changes will remain constant for years, as they did in this 
particular case Examination of the retina m this case during the last 
few months of the patient’s life still showed mild sclerosis of the letinal 
arterioles, m spite of the fact that the blood pressure had returned 
practically to normal In patients with mild hypertension and marked 
sclerosis of the larger arteries, the changes in the choroid arteries are 
more marked than those in the retinal arterioles Sclerosis of the 
choroid arteries occurs quite regularly with inci easing age, and it can 
often be demonstrated histologically when it has not been noted clini- 
cally When sclerosis of the choioid vessels develops prematurel}, 
between the ages of 45 and 60 years, it is usually associated with athero- 
sclerosis of the larger vessels of the body and often with coronaiy 
sclerosis In this particular case we are not able to say whethei there 
was a definite histologic thickening of the choroid arteries because the 
eye was not available for histologic study 

Pathologic Changes ^ — In 1928 Kernohan and two of us (Dis Keith 
and Wagener) ^ reviewed a series of cases of so-called malignant hypei- 
tension The fact was stressed that m these cases the diffuse arterial 
disease not only involved the vessels of the kidneys but affected man} 
of the arteries and arterioles throughout the body Since then we have 
applied the term diffuse arterial disease to similar conditions, but \\t 
realize that it is a broad term and should include unique examples, such 
as m the present cases In case 1 the diffuse vascular process had 
distinctive features which were different from those in so-called malig- 
nant hypertension and also from those observed in case 2 

At necropsy m case 1 the most significant gross finding was the 
presence of visible multiple infarcts on the surface of the kidneys 
These infarcts produced a condition essentially that of symmetric cor- 
tical necrosis, the type of necrosis usually present in cases of severe 
eclamptic toxemia ® The development of these infarcts readily explained 

3 Dr J W Kernohan assisted in interpreting the pathologic changes in these 
cases 

4 Keith, N M , Wegener, H P , and Kernohan, J W The Syndrome of 
Malignant Hypertension, Arch Int Med 41 141-188 (Feb ) 1928 

5 Evans, N , and Gilbert, E W Symmetrical Cortical Necrosis of the 
Kidneys A Report of a Case, Am J Path 12 553-560 (July) 1936 
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the sudden appearance of large numbers of erjthrocytes in the urine 
and the subsequent rapid failure of renal function It was also signifi- 
cant that detachment of the retina and hemorrhages within its structuie 
could be seen with the naked e 3 '’e On histologic examination there weie 
few if any pathologic alterations in the retinal arteiioles, but there were 
maiked changes in some of the choroid arteries These microscopic 
observations corroborated the pievious ophthalmoscopic findings The 
piesence of small scattered aieas of chronic tubeiculosis did not seem 
significant etiologically vith regaid to either the vascular lesions oi the 
presence of hypertension On the contrary, it has long been claimed 
that chionic pulmonary tubeiculosis is accompanied by hypotension 
Mention should also be made of the absence of histologic changes m the 
retinal and intracerebral arteries and arterioles Such negative evidence 
of organic disease stiengthens the supposition that angiospasm is an 
impoitant factor in causing the serious letmal and ceiebral symptoms 

Ten 3 ^eais ago Keinohan, Anderson and one of us (Dr Keith) 
began to measuie the diameter of the aiterioles in diffuse arterial dis- 
ease, as no pievious S3''stematic attempt had been made to ascertain the 
normal ratio between the thickness of the wall and the diameter of the 
lumen They found the normal ratio m the arterioles of voluntary 
muscle to be approximately 1 2, and in many cases of seiious arterial 
disease the latio was reduced even to 1 1 The aiteiioles m the pec- 
toral muscle in case 1 showed marked thickening, chiefly of the media, 
and the latio of the thickness of the wall and the diameter of the lumen 
was about 11 We have considered this hypertrophy of muscle as 
being secondai 3 ^ to strain and possibly to the h 3 fpei tension Many 
arteiioles of various oigans throughout the body showed a similar 
lesion However, the smaller aiteries in many oigans revealed other 
t 3 ^pes of pathologic change In a small artery of the pancreas the intima 
was greatly thickened, the intimal cells being “piled up” and the media 
almost destro 3 "ed On the other hand, a small artery in the heart 
levealed almost complete obliteration, with pei larteritis around it and 
enlaigement of many of the nuclei within its wall The occurrence of 
this peiiarteiitis, an mflammatoi 3 ''-like change, in many widely dis- 
tiibuted small arteiies in case 1 and in arteries of conesponding size in 
the kidneys m 2 cases of severe hypertension reported by Klemperer 
and Otani ‘ suggested a similarity to the lesion in periarteritis nodosa ® 

6 Kernohan, J W , Anderson, E W , and Keith, N M The Arterioles in 
Cases of Hypertension, Arch Int Med 44 395-423 (Sept ) 1929 

7 Klemperer, P, and Otani, S “Malignant Nephrosclerosis” (Fahr), Arch 
Path 11 60-117 (Jan ) 1931 

8 Kernohan, J W , and Woltman, H W Periarteritis Nodosa, Arch 
Neurol & Psychiat 39 655-686 (April) 1938 
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These lesions in our case 1 would possibly explain the presence of 
fever and leukocytosis and also the severe pains m the legs and arms 
There is still, however, much mystery regaiding the primary cause of 
periarteritis nodosa 

The hyalin-hke neciosis of the media of some of the choroid 
anenes was regarded by Di Kernohan as repiesentmg the earliest 
phase in the development of the lesions of periai teritis nodosa It is of 
interest in the case of periarteritis nodosa with “albuminuric retinitis” 
described by Friedenwald and Rones ® that the periarterial lesions were 
present in the choroid but not in the retina and that they were in a well 
developed, almost terminal stage Friedenwald said he considered that 
the retinitis was due to the arteriolosclerotic lesions in the retina, which 
were identical with those seen in the usual case not associated with peri- 
arteritis nodosa In our case 1, death occurred too rapidly for arteriolo- 
sclerosis to develop in the retina, but we feel justified in attributing the 
retinitis proper to the spastic constriction of the retinal arterioles rather 
than to the early inflammatory lesions m the vessels of the choroid 

It IS much easier to explain the pathologic picture m case 2 than 
that m case 1 The fundamental change m case 2 was that of arterio- 
sclerosis, and histologic sections of the abdominal aorta showed all the 
typical features of this condition, including calcified areas, ulceration 
and cholesterol crystals 

At this junctuie several facts legardmg arteriosclerosis are worthy 
of consideration First is the question of age One naturally expects 
to encounter arterioscleiosis m elderly persons It may, however, begin 
m childien and gradually progress through life In some instances the 
disease progresses slowly, but m others it begins earl}'^ and progresses 
relatively rapidly and leads to the lesults seen m oui case 2 Heredity 
probabl)' plays a role m the occuiience of aiteiiosclerosis, but exact 
data for the proof of such an assumption aie lacking Aschoft 
claimed that athei omatous deposits m the arteries are frequently asso- 
ciated with, and possibly secondary to, a high cholesterol content of the 
blood In our case 2 the cholesteiol concentration of the plasma was 
within the noimal range, so that hypercholestei emia is not always 
demonstrable This is m agreement with the findings of Duff Finally, 
there is little direct evidence of an exact relation between aiteriosclerosis 
and hypertension 

9 Friedenwald, J S , and Rones, B Some Ocular Lesions in Septicemia, 
Tr Am Ophth Soc 28 286-300, 1930 

10 Aschoff, L Lectures on Pathology, New York, Paul B Hoeber, 1924 

11 Duff, G L Experimental Cholesterol Arteriosclerosis and Its Relation to 
Human Arteriosclerosis, Arch Path 20 81-123 (JubO > 259-304 (Aug ) 1935 
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CONCLUSIONS 

The term diffuse arterial disease when used in a broad sense includes 
cases in which there are primary changes both in the arteries and in the 
arteiioles Two contrasting cases are reported in which the pre- 
ponderant alteration in 1 was m the arterioles, whereas in the other 
It was m the arteries The general conclusion is drawn that in patients 
with sustained hypertension, the site of the predominating change, 
whether it is an abnoimal physiologic process or an actual anatomic 
lesion, IS in the arterioles, on the other hand, in patients with diffuse 
atherosclerosis of the arteiies, hypertension is often mild and fluctu- 
ating or even absent 
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In the past yeai the importance of general involvement in the course 
of vascular diseases has been emphasized by a number of writers In 
association with this idea, primary vascular hypertension has been occu- 
pying a much larger place in investigative interest For this reason a 
brief resume of some of the woik on this subject will be included in 
this review 

No attempt will be made to discuss all the papers which have been 
published, but ceitain ones have been selected which seem to be con- 
tributions to the knowledge of vasculai diseases In some instances 
material has been included which has been covered, at least in part, in 
pievious reviews This has been done because the subject seems to 
bear the emphasis of repetition without becoming commonplace 

PHYSIOLOGY 

In the annual Geoige E Biown lecture. Cannon ^ reviews the factors 
affecting vasculai tone The term is used to designate a state of moder- 
ate conti action of the elements in the walls of the blood vessels This 
state may be deci eased oi inci eased by the operation of various factors 
In discussing the effect of sympathectomy he quotes the evidence which 
indicates that vascular tone returns to an approximate noimal level after 

From the Department of Medicine of Northwestern University Medical 
School, the Department of Surgery of the University of Illinois College of 
Medicine and the Circulatory Group of St Luke’s Hospital 

1 Cannon, W B Factors Affecting Vascular Tone, Am Heart J 14 383, 

1937 
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sympathectomy m animals After local section of the vasoconstiictor 
nerves the blood vessels regain their noimal tone in a variable length 
of time Cannon states that the evidence is clear on this point After 
complete denervation of the sympathetic neives there is eventually a 
leturn of the blood pressure to approximately the normal level after 
a shoit interval The restoiation of the blood piessure level after 
sympathectomy may be partly due to an increase in the volume of blood 
The effect of section of the sympathetic nerves on smooth muscle, ren- 
dering it moie sensitive to epinephrine, is considered in detail in Can- 
non’s discussion That this effect is not due solely to the effect of 
epmephiine is pointed out The substance sympathin must be consid- 
ered It IS discharged into the blood stream undei the same conditions 
as IS epinephnne, that is, with emotional excitement, hypoglycemia, cold, 
pain and vigoious muscular activity It is probable that both sympathin 
and epineiDliiine collaborate in producing this effect Whether or not 
theie IS anothei gland of internal secretion which supplies the cliemical 
agent that might act for the restoration of tone in sympathectomized 
vessels is not known It is likewise not certain that any hormonal sub- 
stance is necessary foi the restoiation of tone ' Cannon believes that 
this may be legarded as an intrinsic propeity of smooth muscle itself 
The variations m blood flow which have been observed aftei the appli- 
cation of heat to denervated vessels may be detei mined by the metabolic 
needs of the tissues or may be the consequence of the change of tem- 
perature 111 the vessels themselves 

That smooth muscle may be relaxed by nerve stimulation has long 
been •known In the completely sympathectomized animal there is a 
fall in blood pressure after vigorous muscular activity This has been 
explained as an effect of muscular metabolites on the vessels, pioducmg 
vasodilatation Cannon states that this occurs too lapidly to be explained 
on this basis There is evidence which supports the view that there 
IS actually a vasodilator center in the floor of the fourth ventiicle It 
IS probable that the route by which impulses reach the peiiphery after 
a stimulus in completely sympathectomized animals is through the 
doisal loots 

Theie aie three explanations foi the pioduction of excessive tone 
such as that which occurs m hypertensive states One is the excessive 
dischaige of vasoconstiictoi impulses fiom the cential neivous system 
An abnormal nan owing of the vasculai channels might be pioduced in 
such a manner Evidence foi this is the h3'^pei tension which develops 
after all the restraining nerves are seveied These aie the cardioaortic 
and carotid sinus plexuses The second condition is that blood vessels, 
even though normally innei rated, may become especially sensitive to 
natural stimuli, much in the manner of the paroxysm m Raynaud’s 
disease The thud way in which general vasoconstriction might develop 
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IS through peripheral stimulation of the smooth muscle by unusual chem- 
ical agents This is still an unknown factor 

Blood Cholesterol — The relation of hpoid metabolism to vascular 
diseases has been discussed in previous reviews Alterations m the 
cholesterol content of the blood have been reported by various observers 

Jacobi,^ m treating diseases of this type with intravenous injections 
of solutions, noted rather marked changes in the cholesterol values of 
the blood He and his associates employed solutions of 2 per cent 
sodium iodide in physiologic solution of sodium chloride or 2 per cent 
solution of sodium chloride Most of the patients whom they treated 
had painful ulceiative lesions of the extremities During the course 
of treatment the only significant changes noted in chemical studies of 
the blood were in the cholesterol levels Before treatment these values 
were either subnormal or in the low normal range After the use of 
chloride or iodide solutions foi a short time a sharp rise in the cholesterol 
value was invariably noted This was followed by a subsequent fall 
to the noimal level as tieatment was continued In some instances the 
height of the cholesterol response amounted to almost three times the 
initial figure It was also noted that the lower the initial cholesterol 
value, the more marked the relief from pain and the more rapid the 
healing process after the introduction of this type of treatment For 
those patients in whom the disease recurred after treatment, the choles- 
terol level was again found to be lowered This decrease was found 
to occur before the return of pam or ulceration The mechanism of 
this 1 espouse is still uncertain, and further observations should be made 
to throw light on what may be an important feature of obstructive 
vascular disease 

Plethysmogr aphic Studies — Seveial types of plethysmographs have 
been used for the study of circulation Turner ® has devised an instru- 
ment of this type for the measurement of the changes in volume due 
to pulsation in a portion of the finger The apparatus makes a graphic 
record of pulse volumes as small as 0 1 cu mm and of gradual changes 
in volume as great as 1,000 cu mm A series of studies with this device 
have been reported 

Sodeman * describes a method for estimating the volume of soft 
tissues in the poition of the fingei used with this instrument This 

2 Jacobi, H G The Blood-Cholesterol Response to Intravenous Therapy 
in Peripheral Arterial Disease, Am J M Sc 193 737, 1937 

3 Turner, R H Studies in the Physiology of Blood Vessels in Man, 
Apparatus and Methods I A Sensitive Plethysmosphygmograph for a Portion of 
the Finger, J Clin Investigation 16 777, 1937 

4 Sodeman, W A Studies in the Physiology of Blood Vessels in Man, 
Apparatus and Methods II A Method for the Determination of the Volume 
of the Soft Tissue About the Terminal Phalanx of the Human Finger,* J Clin 
Investigation 16 787, 1937 
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consists of measuiing the total A^olume, estimating the volume of bone 
and subti acting the lattei from the former With this apparatus Turner, 
Burch and Sodeman ^ ha\ e made some observations on the effects of 
raising and lowering the arm on the pulse volume and blood volume 
of the finger tip in normal peisons and in a few patients with vascular 
diseases A change in pulse volume was found in all instances with 
a change in the level of the hand The pulse volume increased with the 
elevated position and decreased with the lowered position, while the 
blood volume of the finger tip varied in the opposite way in most 
instances In subjects with arteriosclerosis onl}^ the mean volume of 
pulsation was approximately the same as that in normal subjects, while 
the mean total blood volume of the fingei part was less In instances 
of diastolic hypertension the volume of pulsations and the total blood 
volume were measured with the hand at the level of the heart, and 
it was found that with an elevated position these values were reduced 
The total blood volume was essentially normal, but the pulsation volume 
was diminished With the hand 45 cm below the level of the heait 
the total blood volume was reduced, but the volume of pulsation was 
similar to that for the normal group In 1 subject with a localized 
Raynaud phenomenon with atrophic changes in the left index finger, 
distinct changes weie noted in comparison with the corresponding noi- 
mal finger of the other hand The involved finger showed a i educed 
total volume of blood in all positions that was out of proportion to 
the 1 eduction in the total volume of soft tissues The volume of pulsa- 
tions was slightly reduced at the cardiac level and definitely so in both 
the elevated and the lowered position The changes in all instances, 
they believe, are due to actual change in the relation of the volume 
of blood to the volume of soft tissues The pulse wave is manifested 
by changes in volume in those vessels which contribute most to the 
color of the skin, and these vessels are dilated in the depressed and 
nai rowed in the elevated position These vessels are the capillaries 
and venules The increase in the total volume of blood in the fingers 
in the depressed position and its diminution in the elevated position, 
they believe, are due to changes in the caliber of the veins and occur 
in spite of changes in the opposite diiection in the arterial vessels They 
state that in noimal subjects there seems to be no significant coi relation 
between pulse pressure and pulse volume The influence of position 
on pulse volume they ascribe to changes in the distensibility of both 

5 Turner, R H , Burch, G E, and Sodeman, W A Studies in the 
Physiology of the Blood Vessels in Man III Some Effects of Raising and 
Lowering the Arm upon the Pulse Volume and Blood Volume of the Human 
Finger Tip in Health and in Certain Diseases of the Blood Vessels, J Chn 
Investigation 16 789, 1937 
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arterial and venous vessels and to changes in smoothing effect on the 
pulse wave The same authors studied the changes in volume following 
sudden occlusion They observed not only piimary swelling of the 
finger following sudden occlusion but also a spontaneous secondaiy 
diminution in volume This occurred only when pressures between 
40 and 50 mm of mercury were employed for occlusion If pressures 
above this level were used, only swelling occurred They believe these 
reactions are due to the distention of the small veins and capillaries and 
the subsequent loss in volume due to active constriction of these vessels 
This IS probably initiated as a response to the inci eased tension in 
these vessels 

Heitzman® lepoits an interesting method foi estimating the amount 
of blood in the fingeis and toes by means of a photoelectric cell This 
device is attached to the stiing galvanometei of an electi ocardiograph, 
and variations m the volume of blood in the part are recorded by the 
camel a of the instiument The foim of the recoids produced conforms, 
in general, to the transmission type of plethysmograph and lends 
itself well to clinical use in the dynamic analysis of the peripheral cir- 
culation Apparently this method may be used to study the effects of 
various piocedures on digital pulse volume as well as the form and 
amplitude of the pulse volume of the fingers or toes In a compaiison 
of the effect of amyl nitiite on pulse volume the results veie similar 
to those obtained with an optically recording plethysmograph This intei - 
esting method of studying the peiipheral blood vessels has been applied 
by the author to the nasal septum and appai entl}’’ may be used in many 
other poitions of the bod} The method seems valuable and ceitamly 
should be useful m studying qualitative changes 

Ratschow describes a simple eigometei with which, he behe\es 
considerable information may be obtained This appai atus not only 
will aid in determining the efficiency of the aiteiial supply to the muscles 
in cases of early vascular disease but will seive to diffeientiate othei 
forms of pain in the extremities which may be easily confused with 
the pain of vascular impaiiment It is likewise a method b} which 
information can be gamed entirely on an objectne basis as to the pi og- 
ress and effect of therapy He points out that while lest is essential 
in the treatment of such disoiders in cases in which the condition is 
piogressing to healing, limited exercise may be given if this appai atus 
IS used The apparatus can be quantitatively adjusted so that no haim 

6 Hertzman, A B Photoelectric Plethj sinography of the Nasal Septum 
m Man, Proc Soc Exper Biol & Med 37 290, 1937, Photoelectric Plethys- 
mography of the Fingers and Toes in Man, ibid 37 529, 1937 

7 Ratschow, M Der Arbeitsversuch, eine einfache Methode zur Erkennung 
und Berteilung peripherer arterieller Durchblutungsstorungen, Munchen med 
Wchnschr 84 1128, 1937 
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will be done if the amount of exercise is restiicted to a point less than 
that which will produce pain oi discoloration of the extreinit} 

InU a-Ai leual Injection of Dings — Allen and Crisler ® studied the 
eflect of the intia-arteiial injection of papaverine hydrochloride, acetyl- 
betamethylchohne chloiide and histamine phosphate on the peripheial 
cutaneous temperature The temperature of the fingeis in all instances 
lose to a much higher degree than did that of the toes This occurred 
legal dless of the location of the injection, whethei given in the femoral 
oi in the brachial artery or whether given intramusculaily oi intra- 
venously, when papaveiine was given It was found impossible to fix 
a ding of this type in any extremity The lower extremities seem to 
be relatively refractoiy to such vasodilating diugs They believe that 
the lefiactoriness of vasodilatation of the lower extremities is intimatel}^ 
associated in some, as j^et unexplained, way with the much higher inci- 
dence of chionic occlusne aiteiial diseases m the lower extremities as 
contrasted to their incidence m the upper extiemities 

In studying the eftect of epinepliime on the digital aiterioles of man, 
Fatherree and Allen ° found that the demonstiation of the vasocon- 
stnctoi effect on the digital aiteiioles was dependent on the piesence 
of sufficient vasodilatation preceding the expeiiment Even when vaso- 
dilatation was present, the injection of epmephime hydrochloride mtia- 
venously, accoidmg to the method of Freeman, Smithwick and White, 
did not always cause significant vasoconstriction in persons with nor- 
mally mneivated extremities The vasoconstrictor effect of this drug 
varies widely in different peisons There was even marked variability 
of response in the same individual at the same temperature So much 
vaiiation was encountered that the response of the temperature of the 
skin did not seem to be a lehable estimate of the effect of the drug 
According to the writers, patients with vasomotor symptoms suggesting 
Raynaud’s disease do not have aiteiioles which are unduly sensitive 
to epinephrine Those peisons m whom the reaction demonstrated that 
the aiteiioles weie more than usually sensitive had no evidence of vaso- 
motoi disease The authors do not believe that the lecuiience of vaso- 
motoi sjanptoms aftei ganglionectomy for Raynaud’s disease can be 
due to mci eased sensitivity of the aiteiioles to epinephrine 

On the basis of the effect of sodium nitiite on the peiipheial vascular 
bed,’^° this diug has been employed in testing the flexibility and integiit}^ 

8 Allen, E V , and Cnsler, G R The Result of Intra-Arterial Injection 
of Vasodilating Drugs on the Circulation Observations on Vasomotor Gradient, 
I Chn Investigation 16 649, 1937 

9 Fatherree, T J , and Allen, E V The Influence of Epinephrine on the 
Digital Arterioles of Alan A Studj^ of the Vasoconstrictor Effects, J Clin 
Investigation 17 109, 1938 

10 Beck, W C , and de Takats, G The Use of Sodium Nitrite for Testing 
the Flexibility of the Peripheral Vascular Bed, Am Heart J 15 158, 1938 
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of the peripheral arteries, 0 04 Gm of freshly dissolved sodium nitrite 
in water being injected intravenously Before the injection is made an 
oscillometric curve is obtained The efifect of the drug becomes apparent 
m ten oi fifteen minutes, after which time a second oscillometric curve 
IS obtained foi comparison with the original No significant fall in 
blood pressuie occuis with the amount of the drug used The writers 
believe that the drug acts piimarily on the teiminal aiteiies with a 
secondary arteiiolar constriction m ordei to maintain the blood pressure 
Even patients with marked hypertension show no significant fall in 
blood pressuie The capacity foi maximum vasodilatation depends 
chiefly on the amount of organic damage piesent 

Killian and Oclassen made some observations on the i elative effects 
of water baths and mustaid baths at varying temperatures on the late 
of peiipheral blood flow Obseivations weie made by means of a 
plethysmograph Water baths at 38 and 40 C had a definite effect 
in inci easing the blood flow in both the hands and the feet When 6 
per cent of mustard was added, the late of blood flow increased as much 
as 74 pel cent above that when watei alone was used at these tempera- 
tuies Cooling the surface of the skin reduced the rate of blood flow 
At temperatures of 25 to 30 C , mustaid baths did not affect the rate 
of blood flow 111 the foot more than did the water bath at the same 
temperature At temperatures between 35 and 40 C the mustard bath 
did inciease the rate of blood flow from 17 to 69 per cent above the 
aveiage rates of flow m watei baths at these temperatures Above 40 C 
there was relatively little difference whethei mustaid was added to water 
01 not 

Captllanes — Bordley, Grow and Sheimaii^- leport some mteiesting 
observations on the capillaries of the skin of the leg These observa- 
tions indicate that the flow of corpuscles thiough individual capillaries 
of the human skin is controlled by a mechanism residing in the capil- 
laries themselves under normal conditions The circulation through 
individual capillaries is frequently intermittent, in fact, intermission in 
flow may occur alternatively in capillaries arising from the same arte- 
iiole When the flow ceases in a capillary, the vessel may become com- 
pletely empty of corpuscles These findings indicate confirmation of 
the views pieviously leported that capillaries have an individual function 
m regulating the flow of blood through them 

11 Killian, J A , and Oclassen, C A Comparative Effects of Water Baths 
and Mustard Baths at Varying Temperatures on the Rate of Peripheral Blood 
Flow in Man, Am Heart J 15 425, 1938 

12 Bordley, J , III , Grow, M H , and Sherman, W B Intermittent Blood 
Flow in the Capillaries of Human Skin, Bull Johns Hopkins Hosp 62 1, 1938 
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Spnngoium^^ emphasizes the importance of the blood vessels of 
the skin as far as their effect on the circulatory system is concerned 
This relation is particularly impoitant in regard to the injection of 
vasodilatoi drugs when the shift of blood to these \essels maj be gieat 
enough to bring about collapse Important variations may occui m 
association with changes in tempeiature, so that under certain conditions 
even changes in arterial blood pressure may lesult 

Tempeiatwe of the Skin — Sheaid, Williams and Hoi ton have 
studied the role of the extremities in the exchange of energy between 
the normal human body and its enviionment They conducted experi- 
ments under controlled conditions and recoided the temperature of the 
skin 111 various locations They found that the surfaces of the head 
and tiunk play only a small part in the regulation of body tempeiature, 
that IS, in the maintenance of the balance between internal heat produc- 
tion and heat elimination The upper portions of the aims and legs 
maintain a fairly uniform lange of tempeiature, from 30 to 35 C The 
lower poitions of the extremities play the main lole in legulating body 
tempeiature through a much gi eater shift of blood and an increased 
flow to the skin When the body is exposed to room tempeiatuies at 
60 to 65 F the temperatuie of the fingers and toes tends to approach 
that of room temperature As the room temperatuie is laised the 
amount of heat dissipated is mci eased At higher environmental tempera- 
tures the tempeiature of the fingers approaches that of the head and 
tiunk With increased internal heat production the extremities show 
a use in temperature and play an important pait m heat elimination 
Persons with peiipheial vascular disease do not show the same heat 
contiol pattern that normal persons show 

Friedlander, Silbeit, Bierman and Laskey^® have made some inter- 
esting observations on the i elation between the tempeiatuie of the skin 
and the temperature of the muscles of the lower extremities under cei- 
tain conditions The application of heat to the upper extremities, accord- 
ing to the method of Landis, produced staking elevation m the 
tempeiatuie of the skin of the feet, but the temperature of the muscles 
of the legs remained unchanged Similar obseivations were made after 
the paravertebral injection of piocame hydrochloride Spinal anesthesia 
was followed b)'’ marked elevation of the temperatuie of the skin, while 

13 Spnngorum, P W Die Bedeutung der Hautgefasse fur den Gesamt- 
kreislauf, Kim Wchnschr 17 11, 1938 

14 Sheard, C , Williams, M M D , and Horton, B T The Ej^cliange of 
Energy Between the Normal Human Body and Its Environment I The Role 
of the Extremities, Proc Staff Meet , Mayo Clin 13 13, 1938 

15 Friedlander, M , Silbert, S , Bierman, W, and Laskey, N Differences 
in Temperature of Skin and Muscles of the Lower Extremities Following Various 
Procedures, Proc Soc Exper Biol & Med 38 ISO, 1938 
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the tempeiatuie of the muscles remained unchanged Intravenous injec- 
tion of hypertonic solutions of sodium chloiide was followed by elevation 
of the tempeiatuie of both skin and muscles Intramuscular injections 
of extiact of pancreatic tissue were not followed by any change m the 
temperatuie of the skin or muscles Intravenous injections of epineph- 
rine hydrochloi ide produced a stiiking rise in the temperatuie of mus- 
cles which had a good circulation and produced a fall in the tempeiature 
of the skin when the circulation was impaired The increase m the 
tempeiatuie of the muscles was less marked They point out that the 
usual assumption that an increase in the tempeiature of the skin is an 
indication of inci eased cii dilation is apparently not tiue as far as the 
blood supply to the muscles is concerned The failuie of various 
methods of inci easing the temperature of the skin to rehe\ e intermittent 
claudication is explained by these conditions 

Collatcial Calculation — Some interesting experiments ha^e been 
reported by Stem on the development of collateial circulation m the 
ear of the rabbit aftei ligation of the mam aiteries An extensive 
collateral circulation developed within a few days Instead of the nor- 
mal regulai, definite pattern, that of the collateral ciiculation was irregu- 
lar and aimless The vessels were increased m number, they were 
tortuous and vaiied widely in size The circulation was adequate to 
meet the needs of the tissue, and most of the vascular leactions were 
normal except when ligation was made low 

Undei controlled conditions these ears weie subjected to tieatment 
with positive and negative pressuie In the ears so treated vascular 
spasms occurred, and cyanosis became marked Anoxemia developed 
which finally resulted in neciosis 

In an arteriographic study of the vessels in the lowei extremities 
of patients who had suffeied occlusion of laige arteries, Yater was 
able to visualize the method by which the collatei al circulation developed 
The occluded poitions of the vessels were seen to be bridged across 
by long, fine, ii regulai blanches so that the lumen of each vessel above 
the point of occlusion was connected with that below The function 
of the main artery was thus reestablished The number, character and 
size of the collateral channels seemed to vaiy consideiably Most col- 
lateial vessels seemed to be enlarged and elongated branches that existed 
before the onset of vasculai disease New anastomoses probabl}' devel- 
oped, since, as the authoi indicates, it is unlikely that a bianch of an 

16 Stem, I D Studies of the Collateral Circulation Following Experi- 
mental Vascular Occlusion, Am Heart J 14 726, 1937 

17 Yater, W M Maintenance of the Functional Integrit}' of Occluded Large 
Arteries as Demonstrated by Thorotrast Arteriography, Am J M Sc 194 372, 
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artery normally empties into the same vessel a short distance below its 
origin 

These observations aie in essential agreement with those previously 
reported They demonstrate again the value of artei lography in the 
study of the mechanism of the circulation in abnormal states and in 
individual instances in the decision on the prognosis and subsequent 
progiam of treatment 

Effects of T obacco — While tobacco smoking cannot be regarded as 
an etiologic factor in any of the diseases of the vascular system, there 
seems to be a definite tendency to believe that it plays an impoitant 
part in vasculai diseases of all types 

Chapman has reviewed the experimental and known effects of 
tobacco on the vascular system He states that there is sufficient infor- 
mation to prove that tobacco is definitely- harmful to those who possess 
a vascular system which is unduly subject to vasoconstriction This is 
true not only in thromboangiitis obliterans but in ai tenosclerotic diseases 
as well 

The aveiage percentages of nicotine range as follows in pipe 
tobacco, from 1 45 to 2 84 per cent, in cigars, from 0 91 to 1 8 pei cent, 
and in cigarets, from 1 06 to 3 11 per cent Nicotine is consideied 
the most important deleterious factor in tobacco The absorption in 
the mouth during smoking is estimated to be 66 per cent, and if the 
smoke is inhaled, as much as 88 per cent of the nicotine is absorbed. 
There is no difference in the effect on the vascular system even though 
so-called demcotmized tobacco is used The amounts of nicotine and 
of irritating by-products in tobacco are increased by the amount of 
moisture in the tobacco, the lapidity of smoking and the tightness of 
packing The last third of a cigar or cigaret will produce 15 per cent 
more nicotine in the smoke than the first portions 

Minnhaar^® has studied the effects of tobacco smoking expeiimen- 
tally and has carefully observed its clinical effects His findings are in 
accord with those of previous observers He states that the effect of 
smoking in cai diovascular disease vanes with the constitution of the 
patient and with the local reaction of the arteries of the heart and of 
the lower extremities He concludes that smoking has a definite harm- 
ful action on the cardiovasculai apparatus 

Golston emphasizes the functional effect on the arteries of the 
heait and of the peripheral circulation He states that the continued 

18 Chapman, D G The Effects of Tobacco Smoking on the Vascular 
System, Virginia M Monthly 64 454, 1937 

19 Mmnhaar, T C Pathogenic Role of Tobacco Smoke in. Cardiovascular 
Disease, Rev med del Rosario 27 706, 1937 

20 Golston, H The Tobacco Heart, Virginia Af Alonthly 64 319, 1937 



492 


ARCHIVES OF INTERNAL MEDICINE 


use of tobacco may cause the development of oigamc disease and that 
the vasoconsti iction which results may be a contributing cause of death 
or impairment of tissue integrity 

Hei rell reports an interesting case in which there was marked 
idiosyncrasy to tobacco This patient showed the usual effects of cigaret 
smoking on the vascular system to a marked degree In fact, the vas- 
cular reactions were so pronounced that severe subjective symptoms 
resulted The demonstrable effects were an acceleration of cardiac 
late, a sharp rise in blood pressure and a lowering of the temperature 
of the skin to an unusual degree Cutaneous tests for sensitiveness to 
tobacco were perfoimed with negative results 

Nye,-- who has made some obseivations on the frequency of vascu- 
lar diseases among Australian aborigines, found few instances of dis- 
ease of this type He states that these natives smoke a great deal and 
use the strongest kind of tiade tobacco It is his opinion that tobacco 
plays only a small part in the development of arteriosclerosis or hyper- 
tension 

Thienes and Butt have been of the opinion that much of the work 
incriminating tobacco and nicotine as causing degenerative vascular dis- 
ease in experimental animals is highly uncritical and based on poorly 
controlled expei intents In the repetition of some of this work they 
were impressed with the degenerative changes they found m their con- 
trol animals, which often showed more evidence of vascular disease than 
those exposed to chionic nicotine poisoning They conclude only that 
the acute peiipheral vasoconsti iction associated with the smoking of 
tobacco may exaggerate the effect of degeneiative vascular disease of 
the extremities 

THROMBOANGIITIS OBLITERANS 

Goodman has made fuither studies on the relation of typhus fever 
to thromboangiitis obliterans In considering the etiology of this disease 
he believes that all the factors except infection have been eliminated 
Studies of the epidemiology of typhus fever indicate that there is an 
unusual coincidence of the two conditions These diseases have occurred 
in large numbers of peisons in the same classes, and typhus fever is 

21 Herrell, W E Idiosyncrasy to Tobacco, Proc Staff Meet , Mayo Chn 
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disseminated in its endemic form throughout the \\orld He points 
out that typhus is primarily a disease of the blood stream, the organisms 
eventually becoming embedded in the endothelial cells of the blood ves- 
sels There is a prohfeiative reaction of the endothelium followed by 
thrombosis and complete occlusion in some instances Gangrene is 
commonly a complication of typhus, and man} patients show symptoms 
similar to those of thromboangiitis obliterans, according to the writer 
The basis of the similarity is in the epidemiologic and pathologic 
pictures of these two diseases, which he noted as early as 1916 He 
undertook cutaneous tests with a vaccine prepaied fiom the rickettsial 
organisms in both conditions These tests were carried out with controls 
The vaccine gave unifoimly positive reactions m persons who had 
till omboangiitis obliterans or Brill’s disease oi who gave a history of 
typhus fever The same tests employed on persons with gangrene from 
other causes, such as arteriosclerosis and diabetes, gave entirely negative 
reactions These observations deseive furthei study 

Costantini, Liaras and Bouigeon,^'^ in discussing the gangiene asso- 
ciated with typhus fever, state that they do not find the same similarity 
desciibed by Goodman but that the gangrene of typhus is usually of 
the dry type, involving either an extensive portion of the skin or a por- 
tion of the extremities It usually occurs m the lower extremity Then 
the skin alone is involved, usually a dry black plaque is foimed with 
deal cut borders The plaque is cast off, and the resulting wound is 
lapidly lecovered with skin The nodule of Franckel is the specific 
lesion The site of predilection is along the vessels If such a lesion 
causes obstruction to the flow of blood, tissue impairment will follow 
Weber comments on the relative infrequency of familial cases of 
thromboangiitis obliterans as reported in the literatuie and describes 
typical examples of the disease in a father and son 

Several leports of the occurrence of ceiebial involvement in the 
course of thromboangiitis obliterans have come to attention Giam- 
palmo discusses this localization of the disease Meszaros,”® Uyama 

25 Costantini, M , Liaras, and Bourgeon Remarques sur les gangrenes du 
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and others desciibe cases m which there weie alteiations m the Aessels 
of the brain and fundi Hausner and Allen, in a review of 500 cases, 
found clinical evidence of cerebral involvement in 3 per cent They 
comment on the lapid disappearance and recuirence of the neurologic 
manifestation noted in several cases Psychic symptoms, such as con- 
fusion and irrational behavioi, occurred with the onset of hemiplegia 
In 3 cases hemiplegia pieceded the symptoms of involvement of the 
peiipheral aiteries by several years They also state that a common 
complication is hemianopia Anatomic studies were not made in any 
of these cases, but the symptoms occuned in cases which were typical 
examples of the disease and theie was no other apparent etiologic fac- 
toi Repoits of othei types of visceral involvement have been made 
They correspond with the reports of such cases made in previous years 

Tartakoff and Hazard®- report a case m which theie was a small 
growth m the spermatic cord, after surgical removal it showed the 
typical pathologic charactei istics of thromboangiitis obliterans There 
was no other localization of the disease 

Littauer and Wright ®® report an unusual case in which there were 
acute ulcerations on all four extremities which occuired simultaneously 

ARTERITIS 

In a paper in which he discusses the general subject of arteiitis, 
Karsner draws attention to the need for correlation of the views 
on this type of arterial disease He states that critical examination 
of several leports shows that what has been called periarteritis nodosa 
does not fit the known pathologic or clinical chai acteristics of this dis- 
ease In attempting to clarify the pathologic consideration of arteiial 
inflammation, he proposes the division of these disorders into primary 
and secondary types The secondaij'- types of arteritis, he considers, 

30 Meves, H Uebei cercbrale Beteihgung bei der Thrombo-Angntis 
obliterans (von Winiwarter-Burger’sche Krankhcit), Nervenarzt 11 127 1938 
Straussler, E , Friedmann, R , and Scheinker, J Ueber die Endangntis obliterans 
(von Winiwarter-Burger’sche Krankheit) unter besonderer Berucksichtigung der 
Hirnveranderungen, Ztschr f d ges Neurol u Psvchiat 160 155, 1937 Hadorn, 
W Ueber Endartenitis obliterans der Organe, Deutsches Arch f klin Med 
181 18, 1937 
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aie those which aie associated with known infectious diseases or are 
the result of direct extension of inflammation from adjacent foci In 
addition to these types he discusses the primary gioup, \\hich he classi- 
fies pathologically into the acute degenerative, neciotizing, exudative, 
vegetative, pioliferative and organizing vaiieties In addition to these 
he recognizes a group of chronic disorders Most of the examples of 
arteiitis studied were not limited to one of these pathologic character- 
istics but often included two or more The vascular phenomena of 
rheumatic fever aie striking examples of this The arterial inflamma- 
tion seen in small vessels may be necrotizing or exudative, even pro- 
liferative and vegetative changes occur Chronic arterial changes 
likewise occur in this condition In peiiaiteritis nodosa almost all the 
acute and chronic features of inflammation in the small vessels are 
present Proliferative phenomena occur m ergotism Syphilitic disease 
of the smallei arteries, he consideis, is charactei istically exudative and 
neciotizing He classifies this as a secondary type of arteritis, this is 
true of the type seen m tuberculosis, typhus fevei and undulant fever 

Horton and Magath have made additional contributions to the 
knowledge of an interesting condition which has been previously repoi ted 
from the Mayo Clinic and which has been termed arteritis of the 
temporal vessels A total of 9 cases have been reported The pathologic 
picture somewhat suggests that of periarteritis nodosa except foi the 
absence of aneurysmal sacs The disease is limited to the temporal ves- 
sels The couise in these 9 cases was fiom four to six months, and com- 
plete recovery occuiied in each instance The clinical features vere 
of interest Headache was an outstanding symptom, being moie or 
less constant and often worse at night Malaise, weakness, fevei and 
night sweats weie usual These symptoms were often present two to 
SIX weeks piior to obvious involvement of the temporal arteries Pam 
sometimes was mti actable, and difficulty in chewing food was invariably 
piesent Latei the temporal aitenes became tortuous, large and promi- 
nent Along the couise of the vessels reddish, raised nodules ueie 
visible and occasionally palpable In some instances the temporal aiteiiCa 
seemed to become completely thiombosed In 2 cases phlebitis of the 
letinal veins was piesent It is also inteiesting to note that all the 
patients belonged in the oldei age gioup, being ovei 50 years old 

Perlow and Bloch report an interesting case of poisoning with 
eigotamme tartrate, which was administered foi the relief of the pruritus 
of Hodgkin’s disease As the pathogenesis of gangrene in ergot poison- 

35 Horton, B T , and Magath, T B Arteritis of the Temporal A^essels 
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ing has been considered a primary vascular spasm followed by thrombo- 
sis due to stasis and injury of the intima, it was thought by the wi iters 
that treatment with papaverine hydrochloiide should be effective in 
halting the progress of gangrene if used before organic vascular changes 
develop The fact that this couise of treatment was completely suc- 
cessful in pi eventing the development of gangrene is interesting in view 
of the mechanism of ergotism 

Puerperal gangrene resulting from the use of ergotamine tartrate 
IS also leported by Benson®" 

PERIARTERITIS NODOSA 

Peiiaiteiitis nodosa seems to be attracting moie attention At least 
it seems to be moie frequently leported, and the diagnosis is made 
during life with gi eater frequency The cause of the disease is still 
unknown Leishman discusses the pathologic picture, and his descrip- 
tion fits well the one generally accepted In his experience the disease 
occuis most fiequently in young males The complaints aie of muscle 
pain, fever, abdominal pain, edema and weakness Leukocytosis is usual, 
and sometimes eosinophilia is present Tachycaidia is out of proportion 
to the height of the fever Cutaneous nodules aie evanescent, often 
disappeaiing within twenty-four hours The most characteiistic lesion 
is a small nodule fixed in the skin but moving with the deeper tissues 
These nodules are painless and occasionally purpuric or vesicular 

Kernohan and Woltman®” emphasize the prominence of neuiologic 
symptoms Involvement of the peiipheial neives, they say, is especially 
common Involvement of the cranial nerves may lead to blindness, 
diplopia, facial paralysis, deafness and dysphagia The cential nervous 
system may likewise be involved even to the extent of hemiplegia, 
dehiium or coma The spinal fluid may be under mci eased pressure 
and show an increase in the numbei of cells and an inci eased total 
piotein content They repoit 5 cases in which the neurologic symptoms 
were outstanding The pathologic pictuie is the same in the ceiebral 
vessels as that which has been described elsewheie 

Kaisner®* points out that critical examination of several reports of 
the disease shows that what is called periarteritis nodosa does not fit 
the known clinical oi pathologic characteristics of the disease He has 

37 Benson, W T Puerperal Gangrene Report of Seven Cases in Four 
of Which Ergotamine Tartrate Was Suspected as Being Part Cause, Tr Edinburgh 
Obst Soc, 1936-1937, p 81, in Edinburgh M J, August 1937 

38 Leishman, A W D The Clinical Diagnosis of Polyarteritis Nodosa, with 
Report of Four Recent Cases, Lancet 1 803, 1937 

39 Kernohan, J W, and Woltman, H W Periarteritis Nodosa, Proc Staff 
Meet, Mayo Clin 12 554, 1937 
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found that necrosis and exudation are the most frequent t>pcs of 
pathologic change seen in the vessels In typical cases the cells of the 
exudate include both polymorphonuclear and mononuclear eosinophils 
These cells are not mentioned in many case reports, and their frequenc} 
seems to be questionable, but Karsner believes such local eosmophiha 
to be of great importance in establishing the diagnosis This finding, 
together v ith the other features of the diseases, particularly the nodules 
emphasized b} Klemperer, should make it possible to avoid the inclu- 
sion of a V ide variety of arterial inflammator}’- conditions under the term 
periarteritis nodosa 

Brenner^” also emphasizes the importance of the cerebral manifes- 
tations of the disease 

Sandler reports a case in which there Avere uremia and sepsis, 
with miliary abscesses in the lungs and kidneys An unusual symptom 
Avas the appearance of ulceration of the mucous membrane of the mouth 
Heinrich^- obserAed 1 patient in Avhom the condition lasted for four- 
teen years Vining^“ describes an instance of the disease in AA^hich the 
diagnosis Avas made on the basis of the presence of cutaneous nodules 
This patient apparently made a complete recovery 

ARTERIOSCLEROSIS 

The relation of altered cholesterol metabolism and the etiology of 
ai teriosclerosis is discussed in sei-eral papers 

Menne, Beeman and Labby state that atheromatous lesions ahva} s 
contain cholesterol, A\hetlier in herbworous or in omnnorous animals 
The process in man is comparable AA'ith that seen in animals Any con- 
dition AAhich loAvers metabolism in man or animals aaiH result in 
abnormally increased amounts or altered states of cholesterol in the blood 
and AAuIl further its deposition They believe this to be the essential 
factor in the production of arteriosclerosis The disease does not deA'elop 
in those conditions AA'hich tend to deplete the blood of cholesterol This is 
demonstrated by the fact that m rabbits fed cholesterol under conditions 
of increased metabolism, induced b)' feeding thyroid, the disease fails to 
deA'elop These authors agree that the tAvo essential factors in the pro- 

40 Brenner, F Zur Kenntnis der Hirn\ eranderungen bei Penarterntis nodosa, 
Frankfurt Ztschr f Path 51-479, 1938 

41 Sandler, B P Periarteritis Nodosa, Am J M Sc 195 651, 1938 

42 Heinrich, A Bencht fiber einen 14 Jahre lang beobachteten Kranken mit 
Penarterntis nodosa, Ztschr f klin Med 132 577, 1937 

43 Vining, C A Case of Periarteritis Nodosa with Subcutaneous 

Lesions and Recoier^, Arch Dis Childhood 13-31, 1938 

44 Menne, F R , Beeman, JAP, and Labb}-, D H Cholesterol-Induced 
Arteriosclerosis m Rabbits, AAith Variations Due to Altered Status of ThAroid 
Arch Path 24 612 (Noa ) 1937 
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duction of atherosclerosis are hypercholesteremia and mechanical stiess 
Points of mechanical stress furnish the locations for the deposits of 
hpoid Once the infiltration of the substance into the tissue spaces and 
the lymphatic chains of the vessel wall is begun, its accumulation theie 
will serve to produce a vicious circle of destruction, absorption and 
defensive regeneration This is in agreement with the conclusions of 
Leary Handovsky also agrees on the role of the th3froid gland 

Davis, Stern and Lesnick^® studied the cholesterol and fatty acid 
content of the blood m a group of patients with angina pectoris of 
atherosclerotic origin The average values were found to be definitely 
higher than m the normal persons studied There were some individual 
variations, so that these findings were not always constant Some of the 
patients with angina showed a normal cholesterol value, while some of 
the normal persons showed elevated values However, in the majontv 
of cases of atherosclerosis there was a definite increase m the cholesterol 
content of the blood 

Rich and Duff'*' found that experimental arteriolar lesions having 
the characteristics of the lesions of arteriolosclerosis and arteriolonecrosis 
in human beings occur in the tissues adjacent to the site of injection 
of tryptic enzymes such as pancreatic juice, commercial trypsin and 
papain The process develops rapidly, and many lesions occui in as 
short a time as twenty-four hours The arterioles show thickening 
of the wall and narrowing of the lumen when no vascular disease existed 
prevnously They are unable to explain the mechanism of the pathologic 
change, but they suggest that it may result either from the direct action 
of the substances on the walls of the vessels or from the action of 
products of protein decomposition 

Hueck,^® in discussing the subject of arteriosclerosis, points out that 
the term includes several distinct types of vascular disease which he 
thinks must be separated He divides the condition into three types 
The first he considers as a primary type, with uniform thickening 
of the wall and fibrous hyperplasia His second tj^pe is characterized 
by nodular thickening, which he considers secondaiy to inflammatory 
disease, such as endaiteritis, periarteritis and necrotic arteriolitis, or to 
granulomatous conditions such as syphilis or rheumatic fev^ei A similai 

45 Handovsky, H Due role de la thyroide et de la parathyrolde dans le 
developpement de I’arteriosclerose, Schweiz med Wchnschr 68 425, 1938 

46 Davis, D , Stern, B , and Lesnick, G The Lipid and Cholesterol Content 
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type of condition may follow toxic damage to the uall oi necrosis of tlie 
media resulting from vasomotor disorders The thud type is charac- 
terized by marked thickening of the wall, with a coincidental nutritional 
defect, such as the secondaiy form of aiteiioscleiosis with pieceding 
hpoid 01 hyaline degeneration followed by calcification 

As the result of his studies m ai tei lography, Veal"*® has extended 
his observations on the pathologic relation of intermittent claudication 
to the blood supply in arteiioscleiosis He describes the normal vascular 
pattern as demonstrated by ai tenography, Avithout essential vaiiation 
fiom that lecorded in the leview of last yeai He has found seveial 
patterns of aiteiial obliteration which vaiy vudely in extent The 
piesence or absence of symptoms of obstiuction depend on the extent of 
the pathologic process and the piesence or absence of an adequate col- 
lateial ciiculation Theie may be a maiked degiee of scleiosis involving 
the laigei vessels, but if the occlusive piocess has been slow in develop- 
ment and the collateial circulation has kept pace with the occlusion, the 
ciiculation may be adequate, and no subjective symptoms will occui 
He was able to divide the cases of intermittent claudication into thiee 
gioups In the first, consisting of 21 cases, there was complete obstiuc- 
tion at some point of one of the large aiteiial tiunks In the second 
gioup, consisting of 6 cases, there was definite, marked narrowing 
of the lower poition of the femoral oi popliteal arteiy The constriction 
was unifoim in some, while in others there were large atheromatous 
plaques protruding into the lumen The collateral circulation in these 
cases varied consideiably, and in some instances the collateial vessels 
extended the whole length of the exti emity Howevei , small branches to 
the muscles weie few, although the blood supply was adequate to 
maintain the nutrition of the exti emity In the third group, consisting 
of 14 cases, the large vessels of the exti emity were patent throughout 
then couise, and then lumens were normal or nearly so The defect 
111 this gioup was in the small blanches distributed into the muscles 
They weie few, iiiegularly placed and shoitei than normal There was 
maiked dmiinution in the number of fine teimmal blanches The obstruc- 
tion m this gioup was in the small vessels supplying blood to the muscles, 
and it IS piesumed that the arteiioles and capillaiies were likewise 
involved The single abnormality common to all thiee groups was the 
obstiuction of the small blanches to the muscles, with their fine terminal 
artel lolai and capillaiy aiborization This was the only abnoimality 
noted 111 the thud group, but it was also piesent in the fiist two 

As the lesult of treatment when impiovement was taking place, 
further ai tei lographic studies showed no change in the large vessels, but 

49 Veal, J R The Pathological Basis for Intermittent Claudication in 
Arteriosclerosis, Am Heart J 14 442, 1937 
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an iiici ease in the number and m the size of the terminal branches to the 
muscles was invaiiably noted Cases have been described in which there 
was obstiuction of the popliteal artery, with gangrene of the foot, and 
in which intermittent claudication was not present In such instances 
the supply of the small branches to the muscles was adequate Veal 
also comments on the fact that the integrity of the muscle cells in such 
conditions remains ummpaiied because they receive sufficient nutrition 
by way of the tissue spaces from either the venous or the arteiial 
side of the circulation So it is only in instances of extreme involvement 
that necrosis of muscle tissue may be expected actually to occur 

I 

Bernheim and London comment on the similarity of the 
symptomatology m obliterating artenoscleiosis and in thromboangiitis 
obliterans The decreased peripheral blood supply in both diseases is 
due in part to oiganic changes in the vessel walls which cause them to 
be obliterated oi nan owed and in part to functional vasoconstriction 
Vasospasm, they believe, is a factor of as much importance in arterio- 
sclerosis as It is in thromboangiitis obliterans except in the advanced 
cases, in which the walls of the vessels aie too iigid to respond The 
vessels of the extremities aie unduly sensitive to vasoconstricting 
influences, such as exposuie to cold, the use of tobacco or a deficient 
diet Vasoconstriction in such cases is prolonged beyond the normal 
response m nioie or less continuous vasospasm They found an increase 
in the viscosity of the blood in arteriosclerosis as well as in thrombo- 
angiitis obliterans The patients with artenoscleiosis respond as well or 
better to treatment than do those with thromboangiitis obliterans 
Then methods will be discussed undei the subject of therapy 

Veal,®^ m discussing the various factois in the mortality rate in cases 
of artei losclerotic gangrene, points out the importance of consideiing 
this disease not fiom the standpoint of local peripheral involvement 
alone, but m view of the fact that it is a systemic disease, which implies 
generalized vascular deficiency All the vessels of the body aie likely to 
be involved, fiom the thoracic aorta to the terminal branches In deal- 
ing with arterioscleiotic gangiene the effects of the disease on the heart, 
kidneys and othei vital organs must be consideied as well as the local 
complications of infection and gangiene He states that the aiterio- 
sclerotic subject manifests the same susceptibility to infection as does 
the diabetic patient, although in a more sluggish manner Infection is 
often deep seated and spreads along the tissue planes, possibly not 

50 Bernheim, A R , and London, I M Artei losclerosis and Thrombo-Angntis 
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becoming manifest m a true line of demai cation If infection is not 
actually present with gangrene, it is ahva3s potentially present Infec- 
tion increases gangrene, and gangrene increases infection exactl} in the 
same manner as they do in the diabetic patient Howe\er, the consti- 
tutional reaction in the arterioscleiotic patient may not be so marked 
as in the diabetic The patient is often listless and drows}^ and some- 
times stuporous and may show mild senile dementia He may refuse 
food and fluid and is often indifferent to his surroundings Such 
general symptomatic factors are of the utmost importance when surgical 
treatment is being considered 

Instances of 3^outhful development of arteriosclerosis have been 
occasionally reported Such a case is reported by Thomasen,^- who 
describes the condition m a child of 8 3'ears 

CONGENITAL ARTERIOVENOUS COMMUNICATIONS 

Seeger has published an excellent paper in which all t3pes of 
normal and abnormal arteriovenous communications aie discussed and 
the literature is reviewed The characteristic physiologic and pathologic 
aspects of normal arteriovenous anastomoses and abnormal arteriovenous 
fistulas are reviewed in detail Much of this material has been considered 
in previous reviews 

In discussing ai teriovenous fistula the essential characteiistics aie 
consideied by the writer They are sufficiently important to be repeated 
here Theie is a high admixture of arteiial and venous blood in the 
regional or deep veins of an extiemit3’- The local effects are those mani- 
fested b3'’ the abnormalities of the vessels themselves The Aem belov 
the point of the anastomosis is dilated by the increased volume of 
blood contained in it This results in a pressure greater than that which 
the vein is capable of withstanding As a result the vessel becomes dilated 
and toituous The larger the fistula and the longer its duiation the 
more widespread is the venous involvement The involved aiter3' shows 
a thinning of its walls It becomes dilated, and degenerative changes in 
all its coats take place proximal to the fistula This varies with the extent 
of the fistula 

The regional effects are the changes which occur in the limb affected 
The first is hypertroph3% shown by an increase in the size of the 
extremit3'', circumference but occasionally in length 111 the 

case of congenital communications There is an increase in surface 
temperature, and trophic changes frequent^ occui The latter aie 

52 Thomasen, E Arterienverkalkung bei einen 8-jahngen Knaben Nach 
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probably due to the diminution in the flow of blood thiough the capil- 
laries because of the much gi eater volume of blood passing through the 
abnormal communication The increased pressure in the veins impedes 
the return of deoxygenated blood from the capillaries Consequently 
a state of anoxemia becomes chronic m the distal portion of the 
extremity Bruits and tin ills may be found The general oi symptomatic 
featuies of the condition depend on the disturbance m function of the 
circulatory system produced by the fistula Because the fistula short 
circuits the blood away fiom the capillary system, a decrease of peiipheral 
resistance lesults As a consequence there is often a i eduction in diastolic 
blood pressuie with an mciease in pulse pressure The total volume of 
circulating blood is said to be increased This is paiticulaily true when 
there is a large fistula Caidiac enlaigement has been frequentlv 
noted, and sometimes symptoms and signs of caidiac failure have been 
recorded This condition of the heart is not merely a coincident 
abnormality but is consequent on the fistula The authoi quotes Leiiche, 
who excised a large arteriovenous aneurysm from a patient who had 
cardiac decompensation and considerable cai diac enlargement The heart 
returned to normal size, and signs of decompensation disappeaied aftei 
the operation The reason foi the detrimental efi:ect on the heait pro- 
duced by the presence of abnormal arteriovenous communications is 
obscure It seems leasonable to believe that there are three factois 
which may take part in this effect One is the augmented filling of the 
right ventricle, dependent on the abnormal escape of blood directly into 
the veins The left ventricle is called on to increase its output m older 
to maintain the general blood pressuie It is questionable vhethei this 
actually occurs The total increased blood volume may be a still more 
important factoi Another interesting finding in cases of this kind is 
the slowing of the heart, which has been spoken of as Branham’s 
phenomenon In the cases which Seegar reports, infia-ied photography 
proved to be an important aid in the diffeiential diagnosis of hemi- 
hypeitiophy Artei lography was not of great help m his cases m locat- 
ing the abnoimahty 

Horton and Baldes have employed the electi ic stethophone u ith 
a recording device to diftei entiate the muimuis of peiipheial aneurysm 
and arteriovenous fistula The murmur of the former is typically systolic 
as to time, while the latter is characterized by a moie neaily continuous 
murmur which has systolic accentuation It is sometimes difficult to 
detect these differences with the unaided eai A graphic recoid of the 

54 Horton, B T , and Baldes, E J A Photographic Method of Recording 
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vibiations produced by such abnormalities serves to difterentiate them 
not only as to dififeiences in time with relation to the cardiac cycle but 
also as to lecorded differences in vibratory late 

GLOMUS TUMOR 

Stabins, Thornton and Scott have made some additional studies of 
this interesting condition They point out particularly the deiange- 
ment of the vasomotor mechanism, which is a typical feature of the 
disordei The clinical pictures in the 2 cases reported are charactei istic 
There aie mainly phenomena of vasodilatation The vascular relaxation 
which occurs in these cases is piobably the lesult of a leflex arc which 
extends at least back to the spinal coid or possibly to the sympathetic 
ganglions The symptoms of vasodilatation endme for as long as eight 
weeks aftei opeiation foi lenioval of the growth, as evidenced by the 
persistence of some discomfoit in the legion of the excised tumoi The 
phenomenon of pain observed m eiythiomelalgic states may have a 
similai reflex oiigin The writeis suggest that pain itself may be the 
effeient stimulus which produces the vasomotor response 

POPLITEAL ANEURYSM 

Theis,^° in lepoiting 5 cases of popliteal aneuiysm emphasizes the 
consideration of this condition in all cases of unilateial peripheral 
circulatory disorder This is true because the peiipheial manifestations 
may occur befoie the onset of local s 3 aiiptoms in the popliteal space 

Arterial pressure is partially expended in dilating the aneuiysmal sac 
A 1 eduction in piessure m the distal circulation occurs The peripheial 
aiterial pulsations and tempeiatuie are then i educed With musculai 
activity or with vasoconstiiction fiom exposuie to cold, peripheral 
resistance increases A still greatei dilatation of the aneuiysmal sac 
then results Because of the location of the popliteal aneuiysm deep 
in the popliteal space, eaily diagnosis on the basis of local findings is 
often difficult 

Theis has found that oscillometiic cuives show three distinctne 
featuies characteristic of the aneurysm There is an inci eased height of 
the cuive above the noimal limits in the legion of the disordei Theie is 
absence of normal distal reduction in height fiom the thigh to the ankle 
Finally, theie is fluctuation in the height of the cuive as the lesult of 
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peiipheial vasoconstnction or dilatation Strenuous muscular exercise 
01 vasoconstriction in the foot and leg as the lesult of exposuie to 
cold ^vas found to be associated with gieatly inci eased oscillations m 
the aneurysmal sac 

EMBOLISM AND THROMBOSIS 

Although the clinical features of these disordeis are quite well 
known, seveial papers have appeared which correlate the findings 
and, as a lesult of increased experience, emphasize variations in the 
clinical features of these conditions 

Giaham®" discusses the etiolog)'^ of arteiial thiombosis and empha- 
sizes the importance of the recognition of previous arterial and myo- 
cardial diseases with vaiying degrees of insufficiency of both the heart 
and the peiipheral arteries Damage to the lining of the vessels and 
slowing of the circulation as the result of myocardial impairment seem 
to be the most important etiologic factors of both disorders Embolism 
IS moie fiequent m the larger aiteries than is thrombosis There weie 
34 cases of embolism, with 14 cases of thrombosis 

Rykert and Graham describe pain of two distinct types occurring 
in cases of arteiial embolism The first is that usually described It is 
sudden and severe and is localized in the region of obstruction This 
IS followed by numbness and later by coldness These later symptoms 
begin at the distal end of the extremity and extend upward to a point a 
little below the site of occlusion After a time the original acute pain 
subsides and is often followed by severe pain m the area of numbness 
and coldness Other signs of impaired arterial circulation are also 
present These writers, in agieement with others, state that an embolus 
tends to lodge at a major bifurcation of one of the peripheral arteries 
The lower extremities are involved more frequently than are the 
uppei In the leg the common femoral artery is most often occluded and 
in the arm the brachial artery Both branches at the bifui cation may be 
occluded, or there may be complete occlusion of one and partial 

occlusion of the other “A sudden development of numbness in 

one leg and tingling oi numbness in the other point to embolism 
at the bifurcation of the aorta causing complete occlusion of the 
common iliac on one side and partial occlusion on the other ” If 

numbness is followed by tingling, this is an indication of a return of 

blood flow in the extremity The pain with the occlusion of the aorta 
IS usually referred to the back, whereas that of the iliac artery is 
referred to the abdomen Occasionally embolism in this legion may 

57 Giaham, D Embolism and Thrombosis of the Larger Arteries Their 
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cause acute pain referred to the thigh, and occasional!}* acute pam de\ el- 
ops in the lower pait of an extremity after occlusion higher up This 
may indicate that a fragment of an embolus has broken loose and 
secondary embolism has occurred m another distal location The primal y 
localization of an embolism is best detei mined by the location of the 
original acute pain or of the first bifui cation of the mam arter}"- abo\e 
the upper limit of numbness and coldness 

In differentiating thrombosis fiom embolism Giaham states that 
the clinical pictuies of these two disorders are very similar Thrombosis 
of a larger artery is not characterized by the sudden onset of pam. 
as is the case usually with embolism A gradual rather than a sudden 
onset of numbness is characteristic of thiombosis The presence of the 
etiologic factors necessary for the development of these conditions must 
always be considered Thrombosis commonly results from infection, 
trauma, thromboangiitis obliterans or arteiiosclerosis In regaid to the 
occurrence of pam as an initial symptom of embolism, Rykeit and 
Graham found it present in 64 per cent, and in the later stages it was 
piesent in all their cases 

Pain IS not always a prominent symptom Numbness and tingling 
or motor paialysis may precede the pain by several hours De Takats °° 
also points out in a lecent paper, as he has before, that embolism may 
appear to be gradual in onset, with minor symptoms due to the appear- 
ance of small particles of a cardiac thrombus m an extremity before the 
mam embolism occurs Rykert and Graham state that when pam 
occurs at the onset and is referred to the level of the occlusion, this 
always precedes numbness and coldness This pam is of short duration, 
lasting for only a few minutes, and is succeeded by prolonged distress 
or pam m a lower portion of the extremity m association with numb- 
ness and coldness This temporary pam is not due to ischemia but is 
pi obably due to spasm at the site of the embolus, m their opinion They 
believe that pam distal to the site of occlusion which develops later 
IS due to ischemia De Takats shares this view In some of his cases 
pain has been entirely absent The absence of pain m acute embolism 
has been discussed by Allen De Takats states that thrombosis ma}^ 
occur so suddenly that it may be the initial symptom of widespread 
arterial disease This may be the case in either aiteriosclerosis or 
thromboangiitis obliteians The infrequency of gangrene after an 
embolus has lodged m the upper extiemity is also pointed out The 
collateral ciiculation is usually adequate to maintain the tissue integrity 
De Takats finds thrombosis indistinguishable from embolism and states 
that multiple arterial thiomboses, because of their multiplicity, ma} 

59 de Takats, G Vascular Accidents of the Extremities, J A Ivl A 110 
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simulate embolism In discussing thrombosis and postoperative embolism, 
Bancroft and his associates state the belief that there must be some 
biochemical change in the blood which precedes or accompanies thiom- 
bophlebitis While this is no doubt tiue in postopeiative embolism, it 
IS also piobable that in peiipheral embolism some similar alteiation ma)^ 
occur The factors favoimg the production of thrombosis are still 
obsctii e °° 

McKechme and Allen have studied the effect of the mechanical 
occlusion of individual aiteiies of an extremit)^ No pain was observed 
except that resulting fiom local piessuie of the device used to obstruct 
the vessel Arteiies weie occluded foi as long as thirty minutes The 
effect of such compiession on the circulation of an extremity was not 
usually great This is m sharp contiast to the lesults in cases of acute 
embolism They agree that the pain which occurs in cases of embolism 
IS due not to mere occlusion of a vessel but to the ischemia which results 
from a diffuse spasm involving the vessels of the extremity 

ANGIOSPASIIC DISlURBANCEb 

Of the gioup of vasospastic disoiders, the most vaiiable aie those 
due to lesions of the cential nervous system 

Pinkston and Rioch i epoi t expei imental studies on the alilation 
of cortical areas m the monkey In general, their findings aie m agree- 
ment with those of pievious woikeis The ciiteiion for the determina- 
tion of vasoconstriction vas a deciease m the cutaneous tempeiatuie 
of the palms or of the soles This deciease of cutaneous tempeiature 
was on the side opposite the lesions made in aieas 4 and 6 (Biodmann) 
of the ceiebral cortex This decrease m tempeiatuie as compaied vith 
that of the opposite side persisted foi as long as six months They 
conclude that cential mechanisms which contiol vasomotoi leactions 
are localized in these aieas The mode of control and the pathways 
of conduction as well as the subcoitical centeis involved are obscure 
Allen and Ciaig“® lepoit an interesting case of tumoi of the spinal 
cord in which the piesenting symptoms and physical findings sug- 
gested impairment of arteiial circulation of an oiganic type They 
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point out that a variety of neurologic lesions, ^al}lng from simple disuse 
of a membei to hemiplegia and othei central lesions, ma} produce 
rather striking peripheral vascular phenomena ^Vhenever the s} mptoms 
of suspected vascular disease are unusual or the findings on physical 
examination do not explain the s} mptoms adequately, a lesion of the 
central neivous system to which the disturbances of cii dilation aie 
secondary may be suspected 

Heinbeckei and Bishop discuss the mechanism of the Ra 3 maud 
syndiome undei the title of spastic vasculai disease They do not sub- 
sciibe to the view that this condition is the result of hyperfunction of 
the sympathetic nervous system In fact, they point out that conditions 
in which hyperfunction does exist are not associated with the Raynaud 
syndiome The fact that the paioxysm may be initiated by emotional 
excitement as well as by exposuie to cold is easih’' explained b}’- con- 
sideiing that the mechanism of constnction is a combined leflex and 
humeral one Cold produces a leflex excitation of vasoconstiictor 
impulses to the blood vessels and also reflexly pioduces an jnci eased 
secretion of epinephrine Emotional activity is expressed thiough motor 
impulses ovei the sympathetic nervous s}stem which affect blood ves- 
sels, sweat glands and the pilomotoi mechanism and, in addition, pio- 
duce inci eased seci etion of epinephrine They believe that i eflex activity 
of the autonomic neivous system is a definite factor in the development 
of an attack In noimal peisons on exposuie to cold there is a i eflex 
constriction of blood vessels This is due not only to a piimaiy local 
somatic leflex but in part to a geneiahzed i espouse characteiistic of 
autonomic leflexes They do not believe that this reflex i espouse in 
peisons with spastic vascular disease is any different fiom that m the 
noimal iieison but that theie is a definite quantitative mciease m the 
1 espouse They were able to induce the typical paioxvsm by the sub- 
cutaneous injection of epinephiine hydiochloride or 10 to 15 units of 
insulin even in a waini room Such an induced attack could be lelieved 
b} the administiation of 20 pei cent solution of dextrose intravenously 
They explain that the same type of leaction occurs in patients with 
the Ra}naud syndiome m i espouse to the injection of epinephrine 
hydrochloiide as to exposure to cold This occuis in peisons whose 
S) mpathetic nei i ous S} stem is intact This i eaction to epinephi me is 
similai to the iiici eased response in deneivated A'^essels The cause 
in then opinion is to be regaided as a constitutional change in the walls 
of the blood vessels which makes them respond more than normally 
to a normal vasoconstiictor impulse and to circulating epinephrine 
Cold itself plays a minor role as a diiect constiictor agent in the t 3 ^pical 
spasm It IS merely the stimulus 

64 Hembeckcr P and Bishop, G H The Mechanism of Spastic Vascular 
Disease and Its Treatment Ann Surg 107 270, 1938 
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Seveial cases of spasm of the retinal aitery®° have been lepoited 
m association with the Raynaud syndrome Such a case is that cited by 
Carpentei and Carpenter ““ In spite of rather pronounced vasoconstric- 
tion, the letina showed no evidence of oiganic damage 

Under the teim angiospastic claudication Peail repoits a gioup 
of cases in which pain of the type characteristic of intermittent claudi- 
cation was the outstanding symptom He states that organic disease 
was excluded in the entire gioup However, this condition may occui 
without any evidence of oiganic vascular disease oi as an early mani- 
festation of organic disease befoie obstruction has become sufficient to 
cause the condition In this connection it is inteiesting to note that some 
of Veal’s patients had an apparently intact arterial blood supply into 
the foot when the small vessels to the muscles could be shown by 
arteriography to be impaired 

Junghanns,®® in discussing impairment of blood vessels due to the 
use of pneumatic tools, desciibes the usual picture but, in addition, states 
that in some cases the spasm may become so severe that death of local 
tissue may result In 1 case there were pathologic signs with occlusion 
of small vessels somewhat similar to that seen in thromboangiitis 
obliterans 

De Takats again draws attention to a peculiar and poorly under- 
stood condition undei the heading reflex dystiophy of the extremities 
It has been described previously under a variety of names, such as 
post-traumatic osteoporosis, chronic traumatic edema, traumatic vaso- 
spasm, Sudeck’s acute atrophy of bone and the like The manifestations 
of this syndrome are rathei diveise, and many of the preceding reports 
are based on a partial consideration of the condition The vasomotor 
phenomena aie often piominent at first but later may be overshadowed 
by the development of trophic symptoms Hard, nonpitting edema is 
usually present but sometimes is not sufficiently outstanding to attract 
attention Osteoporosis is usually present, and a picture of an irregulai 
spotty atrophy of bone is shown roentgenogiaphically The condition 
lesembles in some respects the atiophy of disuse The edema is 

65 Wauters, M L’artere retmienne dans la maladie de Raynaud, Bull Soc 
beige d’opht , 1937, no 74, p 27 

66 Carpenter, W M , and Carpenter, E W Raynaud’s Disease with Inter- 
mittent Spasm of the Retinal Artery and Veins Follow-Up Report of a Case, 
Arch Ophth 19 111 (Jan ) 1938 

67 Pearl, F L Angiospastic Claudication, Am J M Sc 194 505, 1937 

68 Junghanns, H Impairment of Blood Vessels by Continuous Concussions 
as a Result of Work with Pneumatic Tools, Arch f klin Chir 188 466, 1937 

69 de Takats, G Reflex Dystrophy of the Extremities, Arch Surg 34 939 
(May) 1937 
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accompanied by pain, usually of paroxysmal t}pe The extieniity is 
sensitive to changes in temperatui e and is particularly sensitive to super- 
ficial 01 deep pressure There are no definite sensory changes, but ill 
defined hypesthesia may be present The muscles are first hypertonic, 
owing to a reflex increase in irritability, but later become atonic Earh 
111 the course of the disorder the temperature of the skin is higher than 
that of the normal side and later often lowered Profuse sweating 
may occur Trophic changes appear later The nails become brittle 
and ridged Eczema may occur, and herpetic lesions have been desciibed 
The skin may be glossy and bluish The bone shows the characteiistic 
spotty atiophy, which may become diffuse in the later stages The 
capsules of the joints shrink Movement of the affected joints becomes 
painful Contractures may occur Oscillometric studies show first an 
inciease and later a decrease in the height of the cuive The hyperemic 
reaction to cold is delayed, and when it appears it enduies much longei 
than normally 

This condition seems most frequently to follow mild tiauma of 
various t5^pes, low grade infection, slight injury to a neive, a bum 
or a frostbite It probably occurs frequently but usually subsides before 
striking or intractable symptoms develop In the rarer cases long- 
continued disability occurs and may even become complete Pam has 
been so severe in cases of this type that amputation has been peifoimed 

De Takats states that in persons in whom the disorder occuis with 
maximum severity, constitutional inferiority is unmistakable Emotional 
disturbances often aggravate the clinical symptoms The disoider must 
be differentiated fiom functional neurologic states with atiophy from 
disuse In addition the condition often resembles edema of venous oi 
lymphatic origin, inflammatory conditions involving the bone oi tendons, 
injuries and in the lower extremity spasmodic flatfoot 

The wiiter regards as the most important feature of this condition an 
exaggeiation of a nutritional reflex, which is set up by the oiiginal injuiy 
01 infection, which does not subside when the effect of the exciting 
cause disappears It becomes a “fixed self perpetuating mechanism in 
which catabolic (destiuctive) activities are predominating” 

This leflex is actuated by a chronic focus of irritabilit}'’ in the 
periplier}’^ This pioduces a weak continuous stimulation through the 
ordinary sensory pathways to the cord, with relay to the lateral horn, 
and from here an efferent sympathetic impulse to the tissues follows 
In 3 of the 5 cases reported by the author, all of the intractable type, 
this reflex was controlled by excision of the irritable focus Sympathec- 
tomy completely leheved the condition in 1 case, and block of the 
S 3 nnpathetic ganglions with procaine hydrochloride temporarily relieved 
the S3’’mptoms in another 
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ACROCYANOSIS 

After a study of a laige number of cases of acrocyanosis, Stern"'’ 
IS of the opinion that this is a clinical disease entity the cause of which 
IS fiequent moderate cooling of the affected paits in conjunction with 
chilling of the body as a whole Its mechanism is partial obstruction 
of the arterial blood supply of the skin of the hands and feet He 
found no evidence of venous obstiuction In his opinion the site of the 
obstruction is in the arterioles of the skm and subcutaneous tissue 
It IS not merely arteiiolar spasm, but there is actually an increase in the 
muscular tissue of these vessels He states that there is no evidence of 
abnormality in the blood, cential nervous system oi glands of internal 
secietion The successful treatment in such cases is continued waimth 
without exposuie to cold foi a peiiod of months These views aie 
decidedly at variance with those of most obseivers 

A complete and caieful study of a case of unusually seveie 
aciocyanosis has been repoited by Lambie and Moison"^ In associa- 
tion with then study of this case they piesent a most exhaustive and 
careful discussion of the vaiious manifestations of the symptom complex 
and the mechanism of the production of symptoms Then patient 
showed the typical ciiculatoiy manifestations to a rather marked degree 
She was a young woman of subnormal intelligence, so that she vas 
unfit foi any occupation She was likewise physically defective, although 
no definite diagnosis of hei condition was recorded It seems that some 
endocrine disorder was at least a coincident if not an etiologic factoi 
in the patient’s condition They found the vasculai defect to be an 
obstruction in the smallei vessels in the hands and feet, eithei the 
arterioles, the arteiiovenous anastomosis or the subpapillary aiteiiolai 
plexus They thought all the vessels might be involved In addition 
to the arteriolar constriction, capillary dilatation was found to be piesent 
They believe that the capillaiy dilatation was probably dependent on 
the aiteriolar constiiction 

Then findings, in geneial, coi respond well with the views of Lewis 
and Landis, as reported in a pievious leview By means of nerve block 
with piocaine hydi ochloride they weie able to obtain release of the 
aiteiiolar spasm, as were Lewis and Landis, but in their patient the 
change in color was obseived before there was a use of temperature 
in the surface structures This is contiary to the findings on which 
Lewis and Landis based their conclusions 

No change in the temperature of the limbs followed the injection of 
acetylcholine Injection of histamine phosphate intramusculai ly was fol- 

70 ' Stern, E S Acrocyanosis, J Ment Sc 83 408, 1937 

71 Lambie, C G, and Morson, S M Acrocyanosis, M J Australia 2 1070 
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lowed by flushing of the skin of the hands and feet Avithout an} rise in 
tcmpei ature This reaction, they felt, was due to the general vasodilata- 
tion, which divei ted much of the flow of blood to the deeper structures 
When histamine was piicked into the skin of the attected area, no 
w'heal was foimed, hut a inoie extensive flare appeared than m the 
1101 mal skin They inteipret this as indicating that the arteiioles leacted 
])romptly and fully to histamine Once they have relaxed, c}anosis 
disappeais Theie was no evidence of structuial change in the aiterioles 
The fact that the flare w^as irregulai and of greatei extent than in 
the 1101 mal areas could be accounted foi by the lelaxed state of the 
capillaries and venules of the stjbpapillary plexus The flare persisted 
foi an unusually long peiiod This, they felt, w^as due to stasis in the 
capillaries The local effect of epinephiine hydi ochloride in blanching 
the skin illustrated normal ability of the arteiioles and capillaries to 
contiact Solution of posteiior pituitary, which acts almost exclusively 
on the capillaries in the human skin, produced a pale area of the same 
type as that seen m the noimal subject When it Avas injected intia- 
musculaily, the type of leaction in the cutaneous vessels was noimal 
except that the palloi in the hands was patchy and iiregulai The 
wi Iters have been unable to satisfy themselves as to whether or not 
the actual defect is local in the vessels oi of central origin They 
incline to the lattei belief but can offer no diiect evidence foi its support 
The fact that the vasculai change is confined to the exposed paits, 
from which the loss of heat is greatest, especially the distal poition 
of the extiemities, suggests that the defect lies in the central contiol of 
the vasculai mechanism concerned with the regulation of body tempeia- 
tuie 01 with the adaptation of vasomotor tone The hypothesis of 
endocrine dysfunction as a cause of aciocyanosis did not appeal to 
explain satisfactoiily all the featuies piesented in this case, although 
the clinical picture suggested in many lespects tliat of Simmonds’ 
pituitaiy cachexia The authors point out that acrocyanosis may be 
confused easily ivith the Raynaud phenomena , in fact, they are inclined 
to believe that a numbei of cases lepoited in the literatuie should be 
classed in this gioup 

PHLEBITIS 

Phlebitis IS a type of vascular disease about which there has been con- 
sideiable unceitainty Edivaids*’® has attempted to correlate informa- 
tion on this subject He divides the cases into two major groups, 
those of suppuiative and those of nonsuppurative or bland phlebitis 
Suppuiative phlebitis is seen in the immediate vicinity of a purulent 
focus The involved vein may show no more clinical signs of inflamma- 
tion than the nonsuppuiative foim The clot is infected and undergoes 
puiulent softening, and bacteria and portions of the clot may be dis- 
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seminated throughout the blood stream Bacteria are invariably found 
in the involved portion of the vein and its contained clot The non- 
suppurative type of phlebitis is that usually seen postoperatively This 
phlebitis also occurs in cases of feveis and of terminal states, as well 
as m cases of varicose veins The involved vein shows the signs of 
inflammation often augmented by edema resulting from inteiference with 
the return circulation The presence of bacteria in conditions of this 
kind is contioversial In many instances bacteria cannot be demon- 
strated, while in some instances infection no doubt is an important 
factor in producing the inflammatory piocess It may be due to altera- 
tion in the character of the blood or to slowing of the blood stream 
This IS 111 distinct contrast to the definite findings in septic thiombo- 
phlebitis 

The histologic reaction consists of the so-called chronic inflammatory 
or reparative processes, with infiltration of lymphocytes and plasma 
cells Polymorphonuclear leukocytes are uncommon The infarct result- 
ing from this type of phlebitis does not give rise to abscess formation 
As a consequence of any type of phlebitis, irritation or stimulation of 
the sympathetic nerve fibers may take place Whether by direct irrita- 
tion or by reflex from the wall of the vein there is adequate stimulation 
for the production of vasospasm This may take the form of vasocon- 
striction involving the vein itself or the adjacent small veins of the 
extremity or may induce a pilomotor leflex or even localized sweating 

More important than these reactions is the arterial constriction 
which may occur as the result of sympathetic inflation This reaction 
may vary from a lowering of tempeiatuie, best accounted for by arterio- 
lar consti iction, to severe and complete spasm of a majoi artery of 
an extremity The picture may closely resemble that of aiterial embo- 
lism The femoial vein is most frequently involved, and in this instance 
the condition is usually secondary to thrombophlebitis of the femoral 
or iliac vein The condition may be ushered m by sudden severe pain 
along the course of the artery and latei in the entire leg Pulsation 
of the femoral artery is absent and the extiemity cold and immobile 
Aftei a few hours the condition may disappeai spontaneously, but 
actual thrombosis has been known to occur When the phlebitis has 
been previously noted, the condition is moie readily lecognized, but 
It often happens early in the couise of venous involvement, so that 
the differential diagnosis is lendered difficult Often the only indication 
of primary venous involvement is slight cyanosis above the area of 
ischemia and some dilatation of the surface veins The number of such 

72 Pringle, J H Massive Ischaemic Gangrene with Thrombosis of Veins 
and Patent Arteries, Glasgow M J 129 126, 1938 
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cases icportcd has steadily increased"^ The persistent disability after 
thrombophlebitis has been the subject of an in\ estigation b} Edwards 
and Edwards They have found that the inflammator} process 
involves the valves of the veins in various ways, so that the cusp is 
damaged or completely destroyed The destruction of the valve or 
its damage results in insufficiency, so that the leturn flow of blood in 
the extremity is retarded Even though the vein may be recanalized 
and the lumen adequately lestored, the circulation becomes inadequate 
because of the incompetence of the valves in the vein or in the adjacent 
collateral channels The valves in the collateral veins may be damaged, 
because these vessels become greatly dilated The end result is perma- 
nent chronic impairment of the circulation in the extiemity 

Edwards and Edwards"^ considei thiombosis of 'varicose Aeins to 
be due to factors other than infection, although they recognize the 
possibilities of latent infection These factors are slowing of the blood 
stream, physical and chemical changes in the blood and alterations in 
the endothelial lining of the vessels 

The thrombotic piocess may begin spontaneously oi follow some 
incident It may vai} from a chronic to an acute piocess and may be 
of long 01 shoit duiation , It is often recurrent It is most common 
111 the supeificial veins, through which it extends m both directions 
Occasionally it remains localized but may extend to the deep veins of 
an extiemity 

Pulmonaiy infarcts seldom occui from thiombosis in vaiicose veins 
if the patient is ambulatoiy, because with the impairment of the venous 
lalves the hydrostatic pressure is sufficiently gieat to prevent escape 
of the clot through the saphenous vein, consequently it becomes more 
secuiely anchoied in its original location This is not true if the patient 
IS confined to bed 

In addition to the usual factors which pioduce thrombosis, the 
possibility of alteiation in the process of coagulation has been consid- 
ered High clotting indexes were found in a number of cases Prophy- 
lactic tieatment instituted in a group of these was entiiely successful 
while in a control gioup the aveiage number of accidents occurred 
Heparin is a satisfactory prophylactic 

73 Lindgren, S Artenen-Sj mptome bei den ticfen Beinthrombosen, Upsala 
lakaref forh 42 415, 1937 

74 Edwards, E A, and Edw^ards, J E The Effect of Thrombophlebitis on 
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PRIMARY VASCULAR liyPERPENSION 

It IS intended in this discussion not to leview the subject of hypei- 
tension but ineiely to include biiefly a few contiibutions concerned with 
the etiolog)'^ of this important disordei The hypertension of renal 
disease has been considered in a previous review It is obviously 
impossible in the light of present knowledge to separate essential hyper- 
tension from that of renal disease entiiely 

Much of the present interest in this disordei has lesulted from 
attempts to relieve its symptoms b)'- means of opeiations on the sympa- 
thetic neivous system This, in turn, has been the outgiowth of the 
surgical piocedures applied to relieve the peiipheral vasoconstrictor 
phenomena of Raynaud’s disease and other vasospastic conditions 

The rationale of such a proceduie is based on the assumption of 
the existence of inci eased tonus in the whole oi in a part of the periph- 
eral aiteriolar system mediated by some central mechanism That 
leflexes of peripheral origin or central impulses have an eftect on blood 
pressure cannot be doubted, but that essential hypertension is of central 
ner\ous origin is exceedingly doubtful Whethei the essential cause 
IS on this basis, that of impaired circulation of blood to the renal tissue 
or the result of an increased response to endociine hormones, or a 
combination of these factors, still remains uncertain Regaidless of 
the obscurity of the cause, definite advances m undei standing of this 
condition have been made, and it seems probable that the work of Gold- 
blatt and his associates wnll piove to be the foundation on wdiich the 
futuie knowledge of the subject wnll be based 

In a recent papei , wdiich in part constitutes a i eview of this splendid 
work, Goldblatt discusses the pathogenesis of experimental hyper- 
tension induced in animals by his method He states that the results 
of expel iments in which hypei tension due to renal ischemia has been 
produced in dogs indicate that the mechanism of this type of hypei - 
tension is primarily a humoial mechanism of lenal origin These exper- 
iments indicate the importance of the reduced flow’- of blood to the 
functioning components of the kidneys as the primary cause of this type 
of hypertension and perhaps of the type of primary vasculai hj’pertension 
observed in man w’hich is associated wnth aiteriolar disease of the kid- 
neys He suggests that the improvement wdiich has been reported to 
result from operation on the sympathetic nervous system in many 
instances may be due to the improvement of circulation wdiich is effected 

77 McCann, S W Bright’s Disease A Review of the Recent Literature, 
Arch Int Med 61 501 (Afarch) 1938 
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through the kidney and not by a direct effect on the ^ asomotor mechanism 
of the splanchnic vessels That the mechanism of experimental h} perten- 
sion is humoral, involving a hypothetic substance of lenal origin, is a 
theory based on only indirect evidence Bilateral nephrectoni} or com- 
plete occlusion of the renal aiteries is not followed by h}pertension This 
is interpreted as being due to the absence of the hypothetic eftectne 
renal substance wdien the kidne3^s are absent If circulation to the 
kidneys is completely shut off, the effectne substance cannot enter the 
circulation The cortex of the adrenal gland may play an important part 
m the development of this type of hypertension, wdiile the medulla has 
no effect Complete bilateral removal of the adrenal glands without 
substitution therapy has interfered wuth the development of this type 
of hypertension The exact way in which the hormone of the adrenal 
cortex acts in conjunction with the hypothetic renal substance in the 
development and maintenance of hypertension has not been demon- 
strated 

The work of Goldblatt and his associates has definitely established 
that hypertension can be produced m experimental animals by the main- 
tenance of renal ischemia Hypertension of this type closely resembles 
the benign and malignant types seen in man The severit} of this 
hypertension and the coincident presence of impairment of renal function 
or its absence apparently depend on the degree of constriction of the renal 
arteries The hy'-pertension thus produced may be a geneial reflex arising 
fioin the kidneys oi the result of some humoral substance elaborated 
by the kidneys The evidence is preponderantly in favor of the latter 
view It seems also to be true that the hormone of the adrenal cortex 
IS 111 some way associated wnth the development of this type of hyper- 
tension The w^ork of Goldblatt has been confirmed by a number of 
investigators 

Harrison and his associates have made some interesting obser- 
vations on the effects of extracts of the kidneys of normal dogs and 
of dogs wnth h) pertension induced by intei ference with the flow of blood 
through the lenal arteiies on the blood pressure of rats They w^eie 
able to demonstrate a rise in blood pressure in rats after the adminis- 
tration of saline extracts of the kidneys of normal dogs Extracts 
of the kidneys of dogs in wdiich hypertension had been induced caused 
a inaiked increase in blood piessure There was a much greater pressor 
effect noted from the extract of one kidney in which ischemia had been 
produced in comparison with that of the other kidney of the same animal 
m wdnch the renal circulation w^as normal 

79 Harnson, T R , Blalock, A , Mason, M F , and Williams, J R , Jr 
Relation of the Kidneys to Blood Pressure Effects of Extracts of the Kidnejs 
of Normal Dogs and of Dogs with Renal Hj pertension on the Blood Pressure of 
Rats, Arch Int Med 60 1058 (Dec ) 1937 
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Williams, Hariison and Mason have obtained two different pressor 
substances from the extracts of kidneys One of their extracts contains 
a pressor principle, which can be separated from fresh saline extracts 
of renal cortical tissue This is precipitated by ammonium sulfate 
The properties of this substance are similar to those of Tigerstedt’s 
renin The other pressor principle is obtained from the acetone- 
insoluble fraction of renal extract Whether these two are identical or 
not IS not known The authors do not believe that the pressor effect 
of fresh saline renal extract is due to tyramine or like substances 

The work of Freeman and Page is of particular importance They 
found that complete sympathectomy in dogs did not prevent the develop- 
ment of hypertension from compression of the renal arteries They 
conclude that hypertension produced in this manner is not mediated 
through increased peripheial resistance due to reflex sympathetic vaso- 
motor action There is no increase m the total volume of blood plasma, 
and It IS not the result of a reflex increase m cardiac activity They 
believe that the physiologic factors which normally control the level of 
arterial blood pressure are not etiologically concerned m the develop- 
ment of hypertension induced by compression of the renal arteries 
in dogs 

Page and Sweet have studied the effects of hypophysectomy on 
the arterial blood pressure of dogs with experimental hypertension They 
found that when h3'pophysectomy was done on animals in which hyper- 
tension had been induced and maintained for several months, the blood 
pressure fell to levels slightly above normal within a period of twenty 
days Hypophysectomy in normal dogs resulted in only a slight reduc- 
tion of pressure If the constriction of the renal arteries was increased 
after hypophysectomy there was again a rise in blood pressure which 
varied somewhat with the general condition of the animals W ith admin- 
istration of thyroid to such animals after the blood pressure had been 
reduced by hypophysectomy, the blood pressure was again raised mod- 
erately The injection of estrogenic substance (estrone, or theehn) 
and gonadotropic substance from the urine of pregnant women (antui- 
trin S) had no effect It seems possible, as they believe, that this effect 
IS an indirect one It may be due to the lack of secretions of the 

80 Williams, J R , Harrison, T R, and Mason, M F Observations on 
Two Different Pressor Substances Obtained from Extracts of Renal Tissue, 
Am J M Sc 195 339, 1938 
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adrenal and thyioid glands because of the absence of stimulation of 
these structures by the withdrawal of the hormones of the hypoph3^sis 

Glenn and Lasker®^ performed total thyroidectomy on dogs both 
before and after the induction of hypertension by constriction of the 
lenal arteries There was no alteration m the production and main- 
tenance of the elevated blood pressure m either group of animals 

It is interesting to note that Jores has obtained substances from 
serum extracts of patients with hypertension which caused an increase 
m the size of the adrenal cortex of mice This substance was found 
in 6 cases of essential hypertension but was not present in patients with 
eclampsia or toxemia of pregnancy 

Oppenheimer and Prinzmetal ®® studied the brachial-digital pressure 
gradient in normal and hypertensive subjects and in their patient with 
adrenal pheochromocytoma The average pressure gradient for patients 
with hypertension was found to be approximately the same as that 
found in persons with normal or low blood pressure In 3 cases of 
extreme hypertension there was a notable reduction Only in the patient 
with chronic pheochromocytoma was the piessure gradient markedly 
increased, indicating constriction of arteries larger than the digital 
arteries They conclude that m hypertension there is no increased resis- 
tance offered to the flow of blood by arteries as large as the digital 
This IS in agreement with the observation of Perlow,®® who states that 
arterial spasticity is controlled by the autonomic nervous system and 
can be relieved by sympathetic ganglionectomy Arteriolar spasticity, 
on the other hand, is controlled by some local nervous or chemical mech- 
anism, the nature of which is unknown, and is not relieved by sympa- 
thetic ganglionectomy 

Arnott, Kellar and Matthew ®^ have studied the hypertension that 
accompanies serum nephritis They contend that the hypertension of 
acute diffuse renal disease depends on the integrity of the renal nerve 
supply and that it is probable that the mechanism is an autonomic vaso- 


83 Glenn, F , and Lasker, E P Effect of Total Thyroidectomy upon Pro- 
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constrictor reflex originating in the damaged kidneys They doubt the 
possibility of a chemical mechanism which depends for its operation 
on the renal nerve supply 

Prohaska, Harms and Dragstedt induced hypertension m normal 
dogs for periods as long as two weeks by the continuous intravenous 
injection of epinephrine hydrochloride The amount necessarj to main- 
tain hypertension was sufficient to cause death from other systemic 
effects of this substance They conclude that it does not seem probable 
that persistent hypertension in man can be due to hj'^peradrenalemia 

Bmger and Craig have reported an interesting case of sympathico- 
blastoma of the adrenal gland The patient had persistent hypertension 
resembling the usual severe type of vascular hypertension without 
paroxysmal rises in pressure Extensive sympathectomy was per- 
formed, with little fall 111 blood pressure After exploration and 
removal of the tumor the blood pressure returned to normal and has 
remained so It is interesting to note that this patient’s basal metabolic 
rate was 61 per cent above normal 

Wolheim °° has obtained from normal urine, urine from patients 
with chronic nephritis and urine of pregnant women a substance which 
is thermostable and has a definite depressor action It was not obtain- 
able from patients with hypertension The intramuscular injection of 
this substance into patients with hypertension resulted m a definite fall 
in both systolic and diastolic pressure The writer suggests that the 
absence of this substance may be responsible for hypertension 

Because of the conflicting findings reported aftei extensive sympa- 
thectomy, no attempt at this time will be made to discuss the physiologic 
influence of this operation 

Vaughan and Sullivan discuss the possibility of an allergic factor 
in essential hypertension They cite the case of a patient who exhibited 
allergic reactions to a number of foods Dietary restrictions resulted 
in the disappearance of the high peaks of pressure Both the systolic 
and the diastolic pressure failed to return entirely to normal The 
pressure was further reduced by limitation of mental and ph} sical activi- 
ties Two other patients with food allergy responded with a rise in 
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systolic and diastolic pressures after the ingestion of food to which 
they were known to be reactive Liston has had a similar experience 
He reports sharp falls in blood pressure after the removal of foods 
from the dietary of persons who exhibited sensitization to them 

The susceptibility of the Negro to vascular disease has been spoken 
of for many years Weiss and Prusmack°® have made comparative 
studies 111 regard to essential hypertension in a large group of Negroes 
and white persons The disease occurred a decade earlier in the Negro 
than in the white persons Of the Negroes, 10 1 per cent were below 
the age of 40, while only 3 6 per cent of the whites showed the eaily 
appearance of hypertension The sex distribution was about equal 
One or more of the major complications of hypertension occurred m 
more than 75 per cent of the Negroes, m contrast to a 66 per cent 
occurrence in white persons The mortality and morbidity of essential 
hypertension were found by Moritz and Oldt to be greater m Negroes 
than m white persons The average age at the time of death was like- 
wise lower for the Negroes 

Guild, Kmdell and Gibson report 2 cases of extensive arteriolar 
sclerosis in 9 year old children with positive autopsy observations In 
1 case there was complicating pyelonephritis There were extreme 
hypertension and marked cardiac hypertrophy m both but no evidence 
of myocardial failure The presence of malignant hypei tension so early 
in childhood is worthy of note They have found m the literature 
reports of 20 other probable cases 

Moritz and Oldt®^ have made an important study of the occuirence 
of arteriolar sclerosis in hypertensive and nonhypertensive persons 
They found that no type of chronic arteriolar disease was by itself 
pathognomonic of hypertension Every type was found m persons 
known to have a normal blood pressure The two most prominent and 
frequent types of arteriolar disease were found to be intimal hyalmi- 
zation and intimal hyperplasia Both are regarded as primary pathologic 
processes The former is an aging phenomenon and is the counter- 
part in the arterioles of sclerosis m the arteries The second may be 
the result of nonexudative, productive aiteriolitis They believe medial 
hypertrophy to be a secondary phenomenon due to distention of the 
vessels Medial degeneration may be in part piimary or perhaps asso- 
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ciated with medial hypertrophy While disease of the media may occur 
in persons without hypertension, severe types of medial disease were 
seen only in persons with chronic hypertension Perhaps the most 
significant finding in the work of these observers is the fact that arterio- 
lar disease of the kidneys was almost invariably associated with hyper- 
tension It was present in 109 of the 200 cases studied, and 97 of these 
proved to be cases of chronic hypertension The absence of arteriolar 
sclerosis m the kidneys, conversely, indicated the absence of hyperten- 
sion No comparable correlation was found with respect to any other 
organ or tissue They conclude that the only significant site of arteri- 
olar sclerosis concerned with the etiology of hypertension is m the 
kidneys They have also observed that the most important factor deter- 
mining the rate of progression of the disease, with early death from 
renal insufficiency, is dependent not on the degree of hypertension but 
on the progressive character of the renal arteriolar disease, %vith a more 
rapid rate of destruction of renal tissue These observations can be 
correlated with those in experimental hypertension 

Rytand has been able to produce hypertension in lats by partial 
occlusion of the aorta This occurs only if there is living lenal tissue 
distal to the occlusion His findings in this respect are similar to those 
of Goldblatt The mechanical obstruction due to stenosis of the aorta 
never resulted in hypertension when all the renal tissue was above the 
point of occlusion 

TREATMENT 

During the past year few original ideas concerning the treatment of 
peripheral vascular disease have come to our attention The majority 
of the published articles verify established methods or describe various 
modifications 

Silbert,®’^ in a timely paper, discusses the evaluation of results m 
the treatment of peripheral vascular disease He describes the improve- 
ment in circulation following occlusion of a major artery without any 
form of treatment After occlusion occurs, collateral circulation 
develops quickly for about a year and continues to do so at a slower 
rate for at least two or three years longer After this first period the 
circulation remains at a remarkably stationary level for an indefinite 
number of years, during which the collateral circulation is maintained 
In patients with arteriosclerosis there follows a third period, in which 
the collateral circulation itself becomes involved in the arteriosclerotic 
process, and a progressive diminution of circulation results In the 
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first period, treatment may accelerate the development of the collateral 
circulation, but it will develop without it It is obvious that one must 
know to what stage the disease process has developed in order to evalu- 
ate therapy properly 

Silbert also considers the role of tobacco in the evaluation of therapy 
Because of its vasoconstrictmg effect, tobacco alone may produce marked 
circulatory insufficiency m cases of partial organic occlusion Hence, 
cessation of the use of tobacco will, in a number of cases, pioduce spon- 
taneous improvement Environmental changes m temperature and m 
the emotional state of the patient will likewise influence the size of the 
peripheral vessels and must also be considered m the proper evaluation 
of treatment 

Bernheim and London report gratifying results m the treatment 
of arteriosclerosis by following a regimen somewhat similar to that 
employed for thromboangiitis obliterans It is their experience that 
vasospasm is an underlying process in both diseases The rationale 
of their therapy was, therefore, to increase the blood supply to the 
extremity by, first, relieving the vasospasm and, second, by decreasing 
the viscosity of the blood The latter results m an easier passage of 
blood through the narrow and rigid vessels In order to relieve the 
vasospasm the use of tobacco was forbidden Patients were warned 
against undue physical exertion, exposure to cold and emotional dis- 
turbances A diet high m calcium and vitamins was prescribed because 
of Its favorable influence on vasospasm Sodium citrate, in doses of 
250 cc of a 2 per cent solution, was given intravenously to lessen the 
viscosity of the blood After this regimen the authors observed improve- 
ment in 83 9 per cent of the 99 cases of arteriosclerosis In 79 6 per 
cent of the 54 cases of thromboangiitis obliterans, improvement was 
also noted 

Sandstead and Beams report the relief of pain of neurocirculatory 
origin in 13 diabetic patients by the oral administration of sodium 
chloride In 10 cases the pain was of neuritic origin, and in 3 it was 
of arteriosclerotic origin In the latter cases the histamine test was used 
as an index of circulatory improvement The daily dosage was 0 25 
to 0 5 Gm per kilogram of body weight given at interrupted intervals 
of two to four weeks over periods ranging from one to twelve months 

Favorable results in the treatment of endarteritis obliterans and 
ulcers were obtained by Teitge with estrogen Mild circulatory distur- 
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bances, such as coldness and tingling of the fingers, responded readily 
Patients with decubitus ulcers, Raynaud’s disease or diabetic gangrene 
did not respond favorably Since endocrine disturbances were more 
common m elderly patients of either sex, he found this form of therapy 
most favorable in this group 

Khng and Sasliin used histamine iontophoresis in a large group 
of cases of Raynaud’s disease, acroparesthesia, angioneurotic edema and 
thromboangiitis obliterans Relief from pain was obtained in 60 per 
cent of his cases Solution of histamine prepared in a dilution 
of 1 2,000 was found to be most beneficial He consideis histamine 
superior to mecholyl (acetylbetamethylchohne chloride) because it has 
more effect on the arterioles and capillaries, with fewer systemic reac- 
tions Murphy using mecholyl iontophoresis, noted definite improve- 
ment in 31 of his 33 cases of thrombophlebitis Edema subsided, and 
the patient was able to be up and about without the aid of a supporting 
bandage 

Edwards,®® m his observations on phlebitis, stresses the influence 
of this disturbance on the sympathetic fibers of the extremity involved 
and Its resulting vasospasm To combat this he found heat, foreign 
protein or typhoid vaccine given intravenously, most efficacious He 
believes that prolonged rest m bed is unnecessary, since the fearful 
stagnation clot seldom adheres to the walls of the veins, regardless of 
rest It IS his practice to tie off the deep vein in all cases in which an 
embolus had been dislodged, in order to prevent recurrence Muller 
IS also of the opinion that prolonged rest m bed is unnecessary'’ and that 
the patient should be up, with a compression bandage on the involved 
extremity 

Numerous ai tides have been recently published concerning the thera- 
peutic value of roentgen treatment of peripheral vascular disease Cot- 
tenot reports beneficial results in the treatment of endartentis 
obliterans and vasomotor disturbances He found it to be both safe 
and effective Henschen and Becker, reporting their results m acute, 
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subacute and chronic phlebitis and thrombophlebitis, found that four to 
twelve radiation treatments effected the disappearance of phlebitic symp- 
toms Each irradiation consisted of 100 to 200 roentgens, and the more 
severe the inflammatory process, the weaker the dosage He believes 
that iriadiation produces a general action by inci easing the bactericidal 
action of the blood and stimulating the reticuloendothelial system and 
the formation of antibodies Locally it produces alkalosis, dilatation 
of the capillaries, an increase in the lymphatic circulation and a reduction 
of edema and, pain Friedlander and Sgahtzer obtained good results 
m migratoiy phlebitis by irradiating the spleen They gave six doses 
of 150 roentgens each, two of which were given anteriorly, two pos- 
teriorly and the remaining two from the left side The rationale of 
this type of therapy depends on the effect of the rays on toxins present 
in the reticuloendothelial system of the spleen 

The center of interest m peripheral vascular disease during the past 
year has been intermittent venous occlusion The preliminary reports 
by Collens and Wilensky were reviewed last year, the details of this 
type of therapy and a resume of the results obtained m a small group of 
cases being given Recently they have reported their experience in 
124 cases In addition to the technic previously described, an attempt 
was made to alleviate vasospasm by raising the environmental tempera- 
ture This was accomplished by simultaneously heating the extremity 
with short wave irradiation or diathermy Best results were obtained 
in cases of thromboangiitis obliterans and peripheral sclerosis m non- 
diabetic patients In the former group ulcers or gangrene healed in 71 
per cent of the cases, and rest pain was relieved within forty-eight hours 
m 85 per cent In the latter group ulcers were healed in all cases and 
gangrene m 25 per cent of the cases Complete relief from pain was 
obtained within forty-eight hours in 82 per cent, and in many the 
oscillometnc readings increased In cases of peripheral sclerosis with 
diabetes, relief from pain was noted m 60 per cent, and ulcers or gan- 
grene healed in 62 per cent In this group, amputation was required 
in 24 per cent of the cases while the patient was under treatment All 
7 patients with embolus and acute arterial thrombosis were relieved 
of pain, and 4 completely recovered Seven patients with large chronic 
varicose ulcers responded favorably The authors feel that this method 
IS capable of “increasing vascular capacity as is evidenced by the fol- 
lowing phenomena relief of rest pain, increase m walking capacity, 
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regeneration of tissues, improvement in the nutrition of nails, and the 
growth of hair over areas which had become denuded as the result of 
obliterative arterial disease ” 

Allen and McKechnie,’-®’’ using a sphygmomanometric cuff above 
or below the knee, thus producing intermittent venous occlusion, were 
not able to produce any evidence of significant or consistent vasodila- 
tation, as measured by the cutaneous temperature Undei basal con- 
ditions they studied a group of 19 patients with or without peripheral 
vascular disturbances The fact that the final temperature of the skin 
m individual cases did not vary within a degree either above or below 
the original level was significant to them, in that vasodilatation did not 
take place The Council on Physical Therapy,^®® however, in a prelimi- 
nary report, states that tests indicate that both the cutaneous temperature 
and the oscillometnc curves increase after the application of the Collens- 
Wilensky apparatus It was also noted that during venous occlusion 
there was a filling and stretching of the venocapillary bed and during 
release reactive hyperemia took place which brought on vasodilatation 
It was noted, however, that no provision is made m this type of treat- 
ment for emptying the vascular bed effectively, and for this reason a 
certain amount of continuous venous stasis exists Kramer,^®® de Takats, 
Hick and Coulter are m agreement with this report Kramer in a 
study of 30 cases confirms the work of Collens and Wilensky In 
66 6 per cent of the cases definite benefit was obtained Cramps were 
relieved in 77 7 per cent, fatigue m 83 3 per cent and pain in only 
56 per cent, a figure considerably below that given by Collens and 
Wilensky Although Kramer was unable to make complete studies, 
he did find an average increase in cutaneous temperature of from 1 to 
3 C , as well as an increase in the oscillometnc readings 

De Takats, Hick and Coulter adopted a triphasic cycle, consisting 
of (1) elevation of the leg, (2) venous compression while the leg is 
still elevated and (3) lowering of the leg to a horizontal position, fol- 
lowed by release of the compression Venous hyperemia was obtained 
by the use of an ordinary sphygmomanometer, the cuff of which was 
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8 inches (20 cm ) wide They were able to show that intermittent 
venous hyperemia in a normal person increased the oscillometric read- 
ings during the venous constiiction, with further increase immediately 
after release The systolic and diastolic blood pressures during the 
period of constriction remained unchanged but decreased immediately 
after release of the constrictor When vessel spasm was released either 
by placing the extremities under a heat cradle or by sympathectomy, 
the results were similar Less striking findings were obtained in 
patients suffering from arterial disease A rest period after compres- 
sion was advocated m order to prevent a refractory stage The passive 
elevation of the extremity allowed the venocapillary bed to empty suffi- 
ciently The necessity for the two last-mentioned procedures was dem- 
onstrated by measuring the oxygen content and saturation of the blood 
from the femoial vein draining the treated extremity Oxygen satura- 
tion was found to be fairly well maintained These authors conclude 
that the mechanism involved is a mechanical filling and stretching of 
the vascular tiee because of compression After release a chemical 
vasodilatation takes place as a result of an oxygen debt, thus affecting 
the capillary pressure, the lymph flow and the saturation of the tissues 
and venous blood with oxygen 

The practical aspect of their study resulted in a simple, inexpensive 
method of producing intermittent venous hyperemia by utilizing the 
aforementioned triphasic cycle A sphygmomanometer with an 8 inch 
cuff IS inflated by the patient or an attendant The amount of pressure 
varies between 60 and 90 mm of mercury, never exceeding the diastolic 
pressure In cases of edema, cyanosis, ulceration or gangrene, 40 mm 
of mercury is considered maximum at the beginning The duration 
of compression depends on the appearance of definite rubor, usually 
within one or two minutes The duration of release always exceeds 
the period of compression, usually being twice as long During the 
rest period, one minute is always allowed for elevation Treatments 
are given twice daily for periods of thirty minutes Ten cases of obliter- 
ative vascular disease were studied Improvement in coldness and 
numbness was noted in 5 patients, 7 patients were able to walk farther 
before claudication developed and rest pain was relieved m 4 patients 

Recently, de Takats reported his observations on 50 patients who 
had had fifty treatments or more He noted that coldness and numbness 
were the first symptoms to be relieved Intermittent claudication 
improved slowly Rest pain was the last to be relieved This he 
explains by the fact that rest pain is a sign of serious circulatory damage 
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and IS found in persons with little ability to form a collateral circulation 
Pure vasospastic circulatory disorders were not influenced If the pres- 
sure in the cufif is lowered, this form of therapy can be used on patients 
with chronic edema, lymph stasis or chronic ulcerations Phlebitis, 
lymphangitis and spreading infections aie listed as contraindications 
to this form of therapy 

Confirmatory reports are also made by Brown and Arnott,“- who 
limited their study to cases of obliterative vascular disease Thirteen 
cases are reported, and good results were noted in all except 1 case 
Nocturnal pain was invariably relieved, in some instances within a few 
hours after treatment was started Intermittent claudication, present 
in 10 of the cases, was relieved m all except 2 Six of the patients 
had varying amounts of gangrene, and healing was promoted in all 
except 1 The same authors,"^ in a preliminary report, describe three 
new types of apparatus for use in the intermittent filling of the cuff Two 
of these machines are electric air pumps, while the other is a water 
pump Wilson and Ogston describe clearly a novel apparatus for 
intermittent venous occlusion, utilizing water pressure and siphonage 
to obtain desired pressure and release in the cuff Using this apparatus 
they obtained good results m 10 patients suffering from claudication 
and gangrene In this series the rest period was lengthened to four 
minutes 

Articles continue to be published confirming, standardizing and 
modifying suction-pressure therapy in peripheral vascular disease 
Veal advocates the visualization of the peripheral vessels by means 
of thorium dioxide in order to prognosticate the possible value of this 
form of therapy He noted that in patients with an extensive collateral 
circulation the best results were obtained In patients with marked 
diminution of the vascular bed, improvement was only slight, while 
in those with high occlusion and extensive vasculai damage no improve- 
ment was ever noted A small group of patients are reported to 
substantiate his contentions Studies on the oxygen saturation of venous 
blood from the popliteal and superficial veins showed that m the first 
group it increased after one hour of therapy, while in those with little 
collateral circulation the saturation remained unchanged 
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Krock introduces a new, simplified suction-pressure machine of 
the light, compact, portable type in which the time ratio of suction to 
pressure can be changed to any desired amount This machine is utilized 
particularly to obtain the ratio of one minute suction to one minute 
pressure, which has been found to be optimum, especially m cases of 
arteriosclerotic origin He has noted that at the 1 1 ratio, anoxemia 
does not occur and in some instances the oxygen saturation of venous 
blood actually increases He also reports a successful series of suction- 
pressure treatments of a patient with chronic obliterative arterial disease 
complicated by varicose veins With the usual method, phlebitis readily 
developed, but after an elastic bandage was applied the treatments were 
carried out successfully Yeager believes that suction-pressure ther- 
apy IS inadequate m thromboangiitis obliterans but beneficial in a large 
percentage of selected cases, particularly cases of arteriosclerotic 
peripheral vascular disturbances with fixed sclerosis of the arterioles 
Leiner reports his results obtained m 26 patients suffering from 
severe vascular damage In the majority of the patients treated, relief 
from pain was obtained whether they were ambulatory or not Trophic 
ulcers and gangrene improved Becker found this method of treat- 
ment satisfactory and advocates its use even though complications 
develop 

Eighty cases of occlusive arterial disease of various types in which 
suction-pressure therapy was used were studied by O’Neil The 
best results were obtained in cases of frozen feet and arteriosclerosis 
of diabetic origin Good results were obtained m about half the 
cases of arteriosclerosis of nondiabetic origin, thromboangiitis obliterans 
and peripheral embolism He emphasizes the fact that in peripheral 
occlusion due to emboli, good results cannot be expected from either 
embolectomy or suction-pressure if not carried out within four hours 
of the onset It is his belief that suction-pressure therapy m the 
future will prove to be the procedure of choice Rykert and Gra- 
ham are of a similar opinion, having had experience with both 
embolectomy and suction-pressure therapy They believe that the 
final result of the treatment of embolic occlusion depends on the severity 
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of the associated primary disease and that the results of suction-pressure 
therapy surpass those of embolectomy They suggest that the ideal 
method of treatment for acute arterial occlusion is a combination of 
the nonoperative methods, namely, suction-pressure therapy, antispas- 
modic drugs and heat applied to the body 

SURGICAL TREATMENT A CRITICAL REVIEW 
By Dr de Taicats and Dr Beck 

The surgical treatment of peripheral vascular disease is becoming 
more stabilized, new methods have not been described, but the more 
recent surgical procedures have been subjected to a closer scrutiny in 
regard to late results and the mechanism of their action In this year’s 
review we are including surgical procedures which are aimed at modify- 
ing the extracardiac part of the vasculai tree and have not limited 
ourselves to operations on the vascular system of the extremity 

EMBOLECTOMY 

CornelP^^ reviews the hteratuie on embolism, he locates the site 
of obstruction by the point of maximum tenderness, which, however, 
m our experience is misleading He stresses the fact that embolectomy 
should be performed within the first twelve hours Of 20 reports of 
cases collected from the records of the New York Hospital, none records 
successful embolectomy Rykert and Graham report on a series of 
36 patients from the Toronto General Hospital The authors feel that 
in embolism of the large peripheral arteries, two distinct types of pain 
may arise There is, at the onset of the attack, pain of short duration 
but of maximum severity which is probably due to arterial spasm at 
the level of the occlusion This pain merges into and is replaced b}^ 
late pain, of ischemic causation, which arises distal to the occlusion In 
arterial thrombosis the early pain is absent Attention is called to the 
frequency of spontaneous recovery of the circulation in acute embolic 
occlusion of the upper extremity The authors believe that the ideal 
method of treatment for acute arterial occlusions is a combination of 
the nonoperative methods, namely, suction and pressure therapy, anti- 
spasmodic drugs and heat to the body They have performed embolec- 
tmoy in 11 cases, but their experience with this method has been 
unsatisfactory 

Lund reports 55 cases of peripheral embolism In the 30 cases 
in which the arteries were operated on, there were 27 embolectomies, 
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2 explorations and 1 ligation Of the 27 patients on whom embolectomy 
was performed, 12 died in the hospital (44 per cent), 5 had amputations 
and 10 obtained successful results (37 per cent) Of 30 patients with 
embolism which was treated conservatively, 24 died in the hospital (85 
per cent), 3 were discharged with good circulation (8 per cent) and 

3 had amputations The author believes that embolism of the upper 
extremities rarely leads to gangrene and that embolectomy is not needed 
Results without embolectomy when the lower extremities are involved 
are poor 

Recently the impression has gamed ground that early conservative 
measures make embolectomy unnecessary The answer to this problem 
can be found by examining the fate of limbs after embolectomy and 
after conseivative measures Five patients who had survived acute 
vascular occlusion without gangrene and without embolectomy weie 
studied In each case the extremity was pulseless and atrophic, the 
muscles were contracted and fibrosed and the skin was scaly and mot- 
tled The legs were painful because of ischemic neuiitis, and severe 
intermittent claudication was present Such limbs cannot be compared 
with those from vhich a clot has been successfully extracted For this 
reason we feel that in the small group of cases in which early conserva- 
tive measures have not brought about an impiovement in circulation 
but in which the limb is not yet ready for amputation, embolectomy 
should be attempted Most frequently the groin and the popliteal fossa 
are explored, local anesthesia being induced Clots m the aorta and in 
the common iliac artery may be appioached from an incision in the 
groin and brought down by subperitoneal massage, as suggested by 
Ny Strom 

PROXIMAL LIGATIOK OF THROMBOSED VEINS 

In cases of deep thrombophlebitis of the lower extremities or pelvis 
in i\hich fever persists for many weeks and months, the leukocyte count 
remains high and anemia develops or in which one or two showers of 
pulmonary embolism have occurred, ligation of the iliac vein above the 
thrombosis seems justifiable In weighing the results of such a liga- 
tion It must be remembered that the venous obstruction is already pres- 
ent and that the additional ligation will not add to the embarrassment 
of venous return if important tributaries are avoided The drop in 
septic temperature and the cessation of further showers of pulmonary 
embolism were gratifying, according to both reports 

123 Bancroft, F W Proximal Ligation and Excision of Veins for Septic 
Phlebitis, Ann Surg 106 308, 1937 Neuhof, H Excision of Vein for Sup- 
purative Thrombophlebitis, ibid 106 311, 1937 



530 


ARCHIVES OF INTERNAL MEDICINE 


ARTERIOVENOUS ANEURYSM 

An important contribution to this subject, which no one should miss 
who wishes to gam an insight into congenital and acquired communica- 
tions between the arterial and the venous system, is the monograph by 
Holman This treatise is the result of painstaking experimental 
research and clinical observations winch have been conducted for many 
years The experimental arteriovenous fistula is described, with its 
physiologic effects on the heart, the blood pressure, the concentration 
of the blood and the total volume of blood Clinical observations on 
acquired arteriovenous communications follow There are chapters on 
intracranial, intrathoracic and mycotic arteriovenous fistulas and a 
description of congenital arteriovenous aneurysms Of greatest interest 
to internists are the observations on ductus arteriosus and intracardiac 
fistulas, with some hopeful surgical implications Interesting protocols 
are available in the appendix, and a complete bibliography is supplied 

The author assigns to the center of interest the variations of the 
total blood volume and its control in the body He believes that valvular 
defects, abnormal congenital openings, aortic insufficiency, pulmonary 
insufficiency, a patent ductus and interventricular defects all produce a 
mechanical inefficiency which at their inception shows a lowered blood 
pressure which is corrected by an increase in blood volume Future 
investigations, with perhaps improved methods, will have to confirm 
this interesting conception 

In a patient suffering from a pea-sized aneurysm of the circle of 
Wilhs, Dandy placed a silver clip on the neck of the sac, which 
promptly collapsed, and then seared it with the electric cauter}’’ All 
neurologic signs and symptoms, such as ptosis and shooting pain over 
the eye, disappeared This is the first attempt to cure an aneurysm 
at that location by a direct attack In the discussion of this paper, 
Rudolph Matas gives a classic description of aneurysm of the ciicle 
of Wilhs, a small treatise in itself, to which we could not do justice in 
a short abstract He points out that while extracranial ligation of the 
internal or common carotid artery remains the safest method of approach 
for all the aneurysms of the sellar, parasellar and mfraclinoid caiotid 
tract, no curative effect can be expected in the case of an aneurysm that 
rises from the branches of the circle of Wilhs except by a direct attack 

124 Holman, E Arteriovenous Aneurysm Abnormal Communications 
Between the Arterial and Venous Circulations, New York, The Macmillan Com- 
pany, 1937 

125 Dandy, W E Intracranial Aneurysm of the Internal Carotid Artery, 
Ann Surg 107 654, 1938 

126 Matas, R Aneurysms of the Circle of WiUis, Ann Surg 107 660, 1938 



SCUPHAM ET AL— VASCULAR DISEASES 


531 


SCALENOTOMY 

The syndiome pioducmg pain of ulnar distiibution and vasculai 
spasms, with radiation to tlie neck, shoulder and precordial region, is 
discussed by Spurhng and Bradford In none of their cases was there 
any roentgenographic evidence of cervical rib In 17 of 20 cases perfect 
relief was obtained by complete section of the anterior scalenus muscle 
In 3 cases improvement but not complete cure was obtained The 
authors believe that some cases of birth palsy without Horner’s syn- 
drome may be due to this mechanism The scalenus syndrome may 
produce unilateral headache simulating migraine or precordial pain 
simulating coronary disease 

The incidence of cervical rib in 1,000 children under 13 years was 
1 2 per cent In only 3 of the 12 children were there symptoms such 
as pain in the neck and arms, torticollis and atrophy of the extremity 
Symptoms aie not produced as a rule until ossification of the ribs takes 
place and until there is descent of the shoulder girdle 

SYMPATHECTOMY 

The anatomic featuies of the sympathetic outflow to the extiemities 
are still undei debate An important and timely contribution is that 
of Kuntz and his associates They point out that if preganglionic 
section, as advocated by Telfoid and by Smithwick and White (as cited 
m our last leview), is earned out, important preganglionic connections 
between the coid and the infeiior cervical ganglion are left intact, so 
that denervation is incomplete They conclude that preganglionic com- 
ponents of the first thoracic nerve do play a significant part in the 
sympathetic innervation of both the sweat glands and the vasculai 
musculature of the upper extiemities Thus complete sympathectomy of 
the arm cannot be accomplished by any operation which leaves the first 
thoracic neive with its white ramus intact 

This study is an anatomic confirmation of our clinical experience 
that preganglionic sympathectomy is incomplete and that lecunences aie 
not less frequent than aftei the postganglionic method 

127 Spurhng, R G , and Bradford, F K Scalenus Neurocirculatory Com 
pression, Ann Surg 107 708, 1938 

128 Kleinberg, S , and Levine, M A Headache as Symptom of Cervical 
Rib, Ann Surg 105 299, 1937 

129 Reid, W D Pressure on the Brachial Plexus Causing Simulation of 
Coronary Disease, JAMA 110 1724 (May 21) 1938 

130 Davis, D B , and King, J C Cervical Ribs in Early Life, Proc Inst 
Med Chicago 12 88, 1938 

131 Kuntz, A , Alexander, W F , and Furcolo, C L Complete Sympathetic 
Denervation of the Upper Extremities, Ann Surg 107 25, 1938 

132 de Takats, G Analysis of End Results Following Sympathectomy for 
Peripheral Vascular Disease, Am Heart J , to be published 



532 


ARCHIVES OF INTERNAL MEDICINE 


All nnpoitant anatomic description of the “ascending pelvic colonic 
nerves” is given by Tuimble In man the airangement lesembles 
that in herbivora He believes that the description given by Telford 
and Stopford is inaccurate For denervation of the lower extremity, the 
author simply cuts the chain at the uppei border of the fourth lumbar 
vertebra and divides the gray ramus to the third lumbai nerve He 
believes that the results aie piactically the same as those obtained by 
extensive ramisection with division of the trunk 

The effect of sympathectomy, previously studied m man, has been 
reinvestigated by the same methods in the dog by Freeman and Zeller 
After removal of the vasomotor control, the circulation seems to he 
dependent on the metahohc requirements of the tissues This was found 
to be true in pievious expeiiments on man, although the results were 
somewhat vaiiable, m man the reflex secretion of epinephrine induced 
by unavoidable emotional distuibances could not be excluded In order 
to eliminate the adrenal factor, the experiments were repeated on dogs 
m which one adrenal gland had been removed and the other denervated 
It was found that the oxygen and caibon dioxide contents and the diffei- 
ence in pu of the arterial and venous blood were constant in a single 
expel iment ovei wide ranges of blood flow and metabolism The volume 
flow of blood through the paw vaiied directly with the tempeiature of 
the bath in which the paw was immersed 

These findings add significant arguments foi the hypothesis that 
the circulation after sympathectomy is controlled by the metabolic needs 
of the tissues but is no longei serving the pin poses of heat legulation 
and IS independent of exteinal and internal stimuli that ainve to the 
vessels through the sympathetic fibeis As emphasized elsewhere, this 
IS an nnpoitant argument for sympathectomy in peripheral vascular 
disease 

The blood flow before and after sympathectomy was measured in 
dogs with a Rein stromuhr by Schneider”® He found an increase 
of from 60 to 100 per cent immediately, seveial months, and as long as 
two years, after the operation Arteries both to the skin and to the 
muscles showed an increase in flow Stimuli from the caiotid sinus 

133 Trumble, H C Strategic Points in the Lumbar and Sacral Outflows 
of the Autonomic Nervous System Sympathetic Denervation of the Lower Limbs, 
M J Australia 2 958, 1937 

134 Freeman, N E , and Zeller, J W The Effect of Temprature on the 
Volume Flow of Blood Through the S}'mpathectomized Paw of the Dog with 
Observations on the Oxygen Content and Capacity, the Carbon-Dioxide Content, 
and the pn of the Arterial and Venous Blood, Am J Physiol 120 475, 1937 

135 de Takats, G Sympathectomy in Peripheral Vascular Disease, Arch 
Int Med 60 990 (Dec) 1937 

136 Schneider, D Experimentelle Untei suchungen zur lumbalen Sympathek- 
tomie, Beitr z khn Chir 167.414, 1938 
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were mefifective He found not only constrictors but dilators in the 
sympathetic chain and believes that lie obtained evidence of afferent 
sensory impulses by stimulating the central end of the trunk 

The sympathetic vasodilator fibers are discussed in a critical review 
by Burn/^" who has contributed so much to the subject He emphasizes 
the variations m different animals and feels that if knowledge of the 
sympathetic control of blood vessels had been based on the hare and 
not the cat, the current teaching might be different In the muscles of 
the dog cholinergic vasodilators are readily demonstrable but not m 
the skin except that of the ear In the rabbit and the monkey there 
are a few , in the dog and m the hare there are many In man previous 
work of Lewis and Pickering demonstiated their presence 

This review, we believe, is an excellent argument against a blind 
application of cat physiology to conditions m man 

The overawed clinician has been put m his place so often by the 
experimentalist that his only answer to many problems is clinical 
research, with its well recognized limitations 

As a measure of sympathetic activity or paralysis, Richter and 
Levine advocate the measurement of the resistance of the skin to 
the galvanic current Cervicothoracic sympathectomy m 10 patients 
consistently produced a large increase in electrical resistance of the skin 
of the palms and less increase m the backs of the hands Lumbar sym- 
pathectomy affected the same change in the dorsal and plantar surfaces 
of the foot 

We have found this method useful m detecting incomplete sympa- 
thectomy, m which a strip of skin of ulnar or femoral distribution 
remains moist or maintains its low resistance 

Surgical procedures on the sympathetic nervous system are for relief 
of symptoms rather than for eradication of diseased structures, as 
pointed out by Lehman Almost all diseases produce symptoms - 
through the activity of the autonomic neivous system, such as fever and 
vomiting In some diseases, howevei, symptoms of autonomic imbal- 
ance predominate, as in Raynaud’s disease, and their symptomatic treat- 
ment by surgical means is warranted 

The argument as to whether preganglionic section is pieferable to 
postganglionic sympathectomy still continues J C White,^^° in his 
survey of suigery of the sympathetic neivous system, restates that pre- 


137 Burn, J H Sympathetic Vasodilator Fibers, Physiol Rev 18 137, 1938 

138 Richter C P , and Levine, M Sympathectomy in Man Its Effect on 
the Electrical Resistance of the Skin, Arch Neurol & Psychiat 3 8 756 (Oct ) 
1937 

139 Lehman, E P The Surgerj"^ of the Sympathetic Nervous Svstem 

Surgery 2 426, 1937 ’ 

140 White, J C Progress m Surgery of the Autonomic Nervous Svstem 

New England J Med 217 660, 1937 ’ 
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ganglionic section for disorders of the upper extieinities pioduces results 
which are comparable to the good results obtained bv the customaiy 
lumbar sympathectomy for the lower extremities Aftei preganglionic 
section the vasoconstriction seen aftei the use of tobacco does not occui 

Telford leports on twenty-five preganglionic sympathectomies and 
IS satisfied with the lesults He believes that the usual cei vicothoracic 
sympathectomy should not be done, legeneiation is avoided by implant- 
ing the sympathetic chain into the scalenus anticus muscle Fibers fiom 
the first white communicating lamus are left intact, but they go chiefly 
to the head and can be ignoied as fai as the upper extiemity is con- 
cerned This IS not in accord with the studies of Kuntz and his 
co-workers Curiously, anothei study on Telfoid’s mateiial, published 
by Simmons and Sheehan, presents the conclusion that a lecurrence 
cannot be explained by Lewis’ theory of the local fault m the vessel 
wall nor by the theory offeied by White and Telford of sensitivity to 
epinephrine, which occui s a few days after operation, but that it is 
most probably due to an incomplete opeiation or to regeneiation of 
fibers They properly point out that the search for the cause of i elapse 
of the Raynaud phenomenon following sympathectomy for the aim is 
one of the most impoitant problems today m vascular suigery Patients 
in whom block of the ulnai neive fails to pioduce a rise in cutaneous 
temperatuie immediately after the operation may show such a use 
later and have clinically a recuirence The implantation of the cut 
end of the chain to prevent lecuirence is reemphasized Anothei group 
of patients show sweating immediately after the opeiation, this cannot 
De counted as a relapse but the result of an incomplete opeiation 

Observations in our clinic have prompted us to letuin to cei vi- 
cothoracic ganghonectomy, although in a somewhat extended foim, as 
after preganglionic section all the patients showed incomplete denervation 
and early clinical recurrence 

That' regeneration is at least one definitely established reason for 
the recurrence of tonus is furthei coiroboiated by the excellent studies 
of Crimson, Wilson and Phemister,^^'* who showed that aftei complete 
sympathectomy in the dog there occurred an initial drop m blood 
piesstire, which returned to the preoperative level m about six months 
They beheA'^e that during the period of lowered blood piessuie the 
peripheral vascular tonus maintains the blood piessuie but later theie 

141 Telford, EDS Sympathetic Denervation of the Upper Extremity, 
Lancet 1 70, 1938 

142 Simmons, H T, and Sheehan, D An Injury into “Relapse” Following 
Sympathectomy, Lancet 2 788, 1937 

143 Crimson, K S , Wilson, H , and Phemister, D B The Early and 
Remote Effects of Total and Partial Paravertebral Sympathectomy on Blood 
Pressure, Ann Surg 106 801, 1937 
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IS a return of central control, even though this is not complete When 
the central end the sciatic nerve was stimulated or when the intra- 
cranial pressure was raised, the blood pressure rose, although a close 
study of the graphs indicates that the rise was incomplete The authors 
suggest the possibility of the existence of vasomotor fibers m an extra- 
sympathetic pathway 

SPLANCHNIC NERVE SECTION 

The report cited in the preceding paragraph justly causes one to 
consider the effect of partial sympathectomy on hypertension in human 
beings Page and Heuer report 9 cases of transthoracic splanchnic 
section, 6 of the patients had severe essential hypertension and 3 
malignant hypertension Of the 6 patients suffering from essential 
hypertension, all had relief from subjective symptoms, but in 3 these 
returned within a year The blood pressure fell in all cases but reached 
the preoperative level within six months Urea clearance and concen- 
tration-dilution tests seemed unaffected by the operation The pressor 
response to cold was not consistently altered Papilledema disappeared 
m 3 cases but reappeared within a few months The authors feel that 
this type of operation did not result in sufficient improvement to 
encourage further trial 

In previous years these authors advocated extensive section of the 
anterior roots, which they seem to feel offers better end results To 
us, section of the anterior roots seems far too mutilating for the benefits 
obtained 

From the pioneer group of workers on the surgical treatment of 
hypertension comes a study of the physiologic effects of extensive 
sympathectomy foi essential hypertension Adson has abandoned 
anterior root section and partial resection of the adrenal glands and 
now lemoves the splanchnic nerves, part of the celiac ganglion and the 
two lumbar sympathetic ganglions m two stages Operation is advised 
if after the administration of sedatives or vasodilators a sizable reduction 
of blood pressure, especially that of the diastolic pressure, is obtained 
An age of ovei 50, congestive heart failure, angina pectoris, marked 
lenal damage and advanced arteriosclerosis aie regarded as contra- 
indications , but patients with retinitis, an inverted T wave, albuminuria 
and cerebral accident with recovery or slight reduction in lenal func- 
tion have not been excluded They have had no death m 108 cases 
In the favorable cases the operation resulted in reduction of blood 
pressure, reversion of the T wave, diminished libido and marked 

144 Page, I H , and Heuer, G J Effect of Splanchnic Nerve Section on 
Patients Suffering from Hypertension, Am J M Sc 193 820, 1937 

145 Allen, E V , and Adson, A W Physiological Effects of Extensive 
Sympathectomy for Essential Hypertension, Am Heart J 14 415, 1937 
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improvement with regard to headaches, nervousness and precordial 
pain Of 4? patients who could be followed, 20 showed no reduction 
in blood pressure, 13 a fair result and 11 an excellent result Many 
patients have had amelioration of symptoms without a reduction of 
blood pressure Allen and Adson feel that their results have been suffi- 
ciently encouraging to warrant further trial of the method 

Obviously the selection of cases constitutes at present one of the 
most important problems in the surgical treatment of hypertension 
Davis and Barker accept only such patients with essential hyper- 
tension as have been proved to resist cyanate therapy, are young and 
are free from renal damage and whose blood pressure shows marked 
fluctuations They report on 6 patients The immediate fall in blood 
pressure was restored within ten days in all cases However, 2 patients 
who showed no response to cyanate therapy have become responsive 
to the drug The authors have no explanation for this effect 

Our observations on splanchnic section for essential hypertension 
have led us to conclude ( 1 ) that the distinction between essential extra- 
renal hypertension and renal hypertension is not easily made, (2) that 
the urea clearance is the most sensitive test of renal function, but even 
this test may fail in early renal damage, (3) that restoration of blood 
pressure occurred in all cases within a few weeks to a few months, and 
(4) that subjective improvement is marked and cannot be gaged by 
readings of blood pressure At present we are studying the mechanism 
which IS responsible for the restoration of blood pressure and are 
watching for changes other than those in the blood pressure following 
the operation 

ADRENAL DENERVATION 

In previous years the literature contained several favorable reports 
dealing with adrenal denervation for the treatment of essential hyper- 
tension An anatomic study of Hollinshead and Finkelstem indicates 
that after resection of the lower thoracic and upper lumbar S3'mpathetic 
chain in cats, regeneration of the nerves took place, with corresponding 
changes in the adrenal glands, within three months The regenerated 
fibers arose from the ganglions and were unmyelinated They believe 
that in larger animals sufficiently long segments might be removed 
to prevent regeneration and that the scar tissue so formed might provide 
an effective barrier 

A sustained hypertension was produced in dogs for peiiods up to 
two weeks by the continuous intravenous infusion of epinephrine 

146 Davis, L , and Barker, M H The Surgical Problem of Hypertension, 
Ann Surg 107 899, 1938 

147 Hollinshead, W H, and Finkelstem, H Regeneration of Nerves to the 
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hydrochloiide by Dragstedt and his co-workers The amount required, 
however, was sufficient to cause death from the other systemic effects 
of the hormone, of which the inhibition of the motility of the gastro- 
intestinal tract and the derangement of carbohydrate metabolism were 
probably the most important For this reason it does not seem probable 
that persistent hypertension in man is due to hyperadrenalemia 

Rogoff and Marcus have accumulated experimental evidence 
that the amount of epinephrine m circulation which is capable of causing 
sustained elevation of blood pressure would produce effects other than 
hypertension and would not be tolerated for more than a relatively short 
period Besides, epinephrine disappears from the blood rapidly They 
have also demonstrated that an increased concentration of epinephrine 
in the systemic circulation does not produce a detectable increase in 
epinephrine secretion from the adrenal glands They deprecate the 
clinical practice of intervention on the adrenal glands as a treatment 
for hypertension 

In analyzing these experimental findings from the clinical stand- 
point, one must be impressed with the clearcut evidence that increased 
epinephrine secretion is not a cause of hypertension in human beings 
This by no means excludes the possibility that certain substances which 
are produced in ischemic kidneys could not sensitize blood vessels to 
the action of epinephrine In such a sense, then, the diminution m the 
output of epinephrine would still exert some influence on hypertension 

CELIAC GANGLIONECTOMY 

Crile,^^® who has now performed a total of 391 operations on the 
sympatheticoadrenal system in 231 cases, first advocated adrenal excision, 
then adrenal denervation and later splanchnic section, finally, he has 
done 239 celiac ganglionectomies on 144 patients The subjective 
symptoms, such as headaches, nervousness, dizziness, fatigue, palpitation 
and irritability, have been relieved over a period of a year in 78 per 
cent of the cases Even though the blood pressure has not leturned to 
normal in a number of cases, the subjective improvement has been 
marked Moreover, these patients tend to become calmer and more 
equable in temperament, and the violent uprushes of blood pressure, 
with the disastrous results, which may accompany emotional outbursts 
may be mitigated 

Obviously this operation is just an extensive splanchnic nerve sec- 
tion with adrenal denervation It more effectively prevents regeneration 
by eliminating a large group of cell stations m the celiac ganglions 

148 Rogoff, I M, and Marcus, E Supposed Role of the Adrenals in 
Hypertension, J A M A 110 2127 (June 25) 1938 

149 Cnle, G The Clinical Results of Celiac Ganghonectomy m the Treat- 
ment of Essential Hypertension, Ann Surg 107 909 (June) 1938 



538 


ARCHIVES OF INTERNAL MEDICINE 


That such patients become calm, are less excited, put on weight and 
have a definite change in personality has also been our impression of 
diabetic and hypertensive patients who have been subjected to splanchnic 
nerve section As untoward effects on metabolism, intestinal motility 
and other functions are not observed, it seems to us that if any inter- 
vention on the sympathetic neivous system is considered at all, celiac 
ganghonectomy is the method of choice 

AMPUTATIONS 

Arnell reports on 117 patients with diabetic gangrene from the 
Maria Hospital m Stockholm seen between 1917 and 1934 There 
%\ere 45 women to 72 men, 28 per cent were treated conservatively, 
22 per cent had minor amputations and 50 per cent had major amputa- 
tions All major amputations weie done abo\e the knee The total 
mortality was 27 4 per cent , for the amputations, 38 per cent Causes 
of death in the ordei of their frequency ^\ere coronarj thiombosis, 
sepsis, pulmonary embolism and pneumonia Fifty per cent of all 
surviving patients were dead within a short time after dismissal from 
the institution 

Meleney^®^ finds that hemolytic streptococci and staphylococci, and 
gas gangrene and tetanus oiganisms, as well as mici oaerophyhc strep- 
tococci, are the organisms to be feared m amputations If the gangrene 
is sharply demarcated, there is less danger of spreading infection than 
when there is much neciobiotic tissue in the piocess of breaking down 
Material for culture should be taken from the muscles and the lymphatic 
system , if there is any doubt of infection, it is better to lea^ e the stump 
open and treat it with a suspension of zinc peroxide 

Callander reports on further experience with his method described 
in 1936^°^ In the 80 cases reported, the age in most of which was 
over 65, the moitahty late w^as 13 per cent, W'lth only 1 case of post- 
operative gas gangrene 

Beverly Smith states that the mortality in 50 amputations thiough 
the thigh for diabetic gangrene w^as 45 pei cent By the method sug- 
gested by him (which w^as described in a previous leview it diopped 
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to 18 1 per cent m 20 cases When the lesion was infected, sulfanilamide 
applied locally seemed helpful In arteriosclerotic gangrene, Smith 
again emphasizes the advantages of his plastic amputation through the 
lower portion of the leg, which facilitates the wearing of an artificial 
limb 

Silbert treats all patients suffering from thromboangiitis obliteians 
with 5 per cent salt solution, ulcers are treated with cod liver oil 
If marked pain is present and limited to the foot, crushing of the sensory 
nerves often gives relief for six months or a year Up to 1925 at least 
one extremity was amputated in 60 per cent of the cases Since 1925 
only 6 4 per cent of 619 patients have required amputation, but only 
2 7 pel cent of those who truly cooperated have required amputation 
The most important factor in obtaining results is complete abstinence 
from tobacco If amputation is inevitable, an effort should be made 
to save the knee joint, as this will greatly facilitate the rehabilitation of 
the patient 

We have made considerable use of the Callander and the Smith 
type of amputation and believe that these methods deserve wider 
recognition Both the preparation of the patient and the observation 
of technical details can reasonably reduce the mortality The unavoidable 
mortality, due mainly to involvement of the cardiovascular appaiatus, 
will always vitiate the late results 

155 SiTHth, B C Amputation for Arteriosclerotic Gangrene, S Clin North 
America 18 357, 1938 
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American Board of Internal Medicine, Inc — Written evanimations for 
certification by the American Board of Internal Medicine will be held in \arious 
parts of the United States on Monda 3 % Oct 17, 1938, and on Monda}, Feb 20, 
1939 

A formal application must be recened by the secrelarj before September 15 
for the October examination and on or before January 1 for the Februarj’ 
examination 

Application forms may be obtained from Dr William S Middleton, secretarj- 
treasurer, 1301 University A%enue, Madison, Wis 

Central Society for Clinical Research — The elcienth annual meeting 
of the Central Society for Clinical Research a\i 11 be held m Chicago, Noi 4 and 
S, 1938 The Drake Hotel will be the headquarters Information regarding the 
meeting may be procured from the secretarj^-treasurer, Dr Lawrence D Thomp- 
son, 319 Chase Building, 4932 Mandand Aienue, St Louis The meetings wnll 
be open to the public 
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Les recto-cohtes ulcereuses de cause inconnue By Jean Coste, Ancien 

Externe des Hopitaux de Pans Price, 26 francs Pp 116 Pans Gaston 

Dom & Cie, 1937 

This IS a review of the subject of ulcerative colitis The author groups the 
various ulcerative intestinal conditions other than tuberculosis and amebiasis under 
this general heading The monograph is largely a review of the experiences of 
others, with the exception of a short final chapter on treatment with vitamin A 
While” the material constitutes an excellent review of the subject, the order of 
presentation is different from that usually employed in this country The subject 
IS handled as follows The first chapter is on the history, the second is an 
introduction to the subject, the third is a clinical study, including a senes of reports 
of cases, the fourth concerns the physical examination, the fifth, the clinical 
forms of the disease, the sixth, complications, the seventh, diagnosis, the eighth, 
pathologic anatomy , the ninth, etiology and pathogenesis, and the tenth, treatment 
In the chapter on the history of ulcerative colitis the author traces the origin of 
the disease to the report by Samuel Wilks in 1873 and then briefly reviews the work 
of Allchin (1885) , Hale White (1888) , Mayo-Robson (1893) , Boas (1903) , Lock- 
hart-Mummery (1904), Hale White (1907-1909), Segond, Cade, Hutinel and 
Nobecourt (1912), Schmidt (1913), and Bensaude (1919) Under contemporary 
contributions he mentions especially the work of Bensaude and Antoine, of France, 
and emphasizes the authoritative studies of Schmidt, of Germany, Udaondo, of 
South America, Gallart-Mones, of Spain, Hurst, of England, and Bargen, of 
North America He calls attention to the discussion of this disease given before 
the First International Congress in Brussels, m 1935 

In his introduction Coste stresses the importance of an accurate name for 
so-called ulcerative colitis He states that in the absence of an accurate designation 
his study of the disease has been concerned largely with localization, definition of 
the clinical syndrome, prognosis and an attempt to give an exact description of 
the condition in the absence of a proved etiologic factor 

In his clinical study the author stresses the fact that ulcerative colitis is a 
form of dysentery with an insidious or abrupt onset The important symptoms 
include painful, bloody evacuations, which frequently first are attributed to hemor- 
rhoids In the more severe forms fever is common A large and interesting series 
of reports of cases is presented 

In the chapter on examination Coste stresses the importance of general physical, 
rectal and endoscopic examinations He classifies the conditions into catarrhal, 
proliferating and intermediary types The evaluation of the disease is presented 
graphically He divides the clinical forms of the disease as follows (I) according 
to evolution, into (1) very severe (often fatal), (2) of sudden onset, (3) chronic, 
(4) abortive and (5) only symptomatic, with subdivision of the symptomatic forms 
into (a) sanguinopurulent, (6) hemorrhagic and (c) purulent, (II) according to 
method of attack of the disease, (III) according to localization, into (1) local, 
which IS subdivided into disease of (c) the rectosigmoid, (b) the cecum and ascend- 
ing colon and (c) the transverse colon, and (2) diffuse, and (IV) according to age, 
into disease (1) of infants and (2) of persons in middle life 

In the chapter on complications the author reviews the experiences of others, 
mentioning particularly the detailed review of the cases reported from the Mayo 
Clinic The chapter on diagnosis emphasizes the importance of examining the 
stools and of sigraoidoscopic and roentgenologic studies Coste stresses the 
importance of differential diagnosis from neoplasms, polyps, diverticulitis, rectal 
gonorrhea, hemorrhoids, proctitis, amebiasis and bacillary dysentery 
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Under pathologic anatomy an excellent description, as gained from the litera- 
ture, IS given In the chapter on etiology and pathogenesis the author reviews, 
first, the reports on the relation of the organisms of bacillary dysentery to this 
disease and concludes that the evidence of their causal relation is not at hand 
He discusses the hypothesis of a single etiologic factor, mentioning the work of 
Bargen, Gallert-Mones, of Spam, and Buttiaux and Sevin, of France, stressing 
that each confirms the other m part He feels that a multiple bacterial etiologic 
factor should be considered 

The chapter on treatment is divided into five subheadings Under the first 
IS considered specific therapy Administration of antidysentery serum is discussed 
as eliminative treatment Coste stresses the fact that there is not enough evidence 
of a causal relation He mentions the serums and vaccines prepared from the 
various forms of streptococci, stressing the use of the streptococcus vaccine advo- 
cated by Bargen and the polyi'alent vaccine advocated by Surmont The second 
subheading is concerned with symptomatic treatment, under which the author dis- 
cusses intestinal lavage as indicated under special conditions, saying only that on 
occasions lavage will irritate and traumatize the intestine He mentions the use 
of neoarsphenamine and of calcium and parathyroid extract, as advocated by 
Haskell and Cantarow He suggests the employment of medicine for the production 
of shock, such as the antidysentery serum of Hurst, some vaccines and anaphylactic 
substances, such as those mentioned by Kalk Under the third subheading he 
mentions the use of mineral waters Material under the fourth subheading indi- 
cates that the aim of the surgical attack should be either diversion of the fecal 
current or resection of the intestine Under the fifth subheading are discussed the 
author’s studies and those of his colleagues on vitamin A therapy He stresses the 
fact that the treatment is on a symptomatic and not an etiologic basis 

The monograph is well worth reading from the standpoint of a concise and 
rather critical review of this subject 

Gastroscopy By Rudolf Schindler Price, $7 50 Pp 343, with 89 figures and 

96 colored plates Chicago University of Chicago Press, 1937 

Schindler has met a pressing need for a book in English dealing with the 
subject of gastroscopy 

It IS fitting that due credit should be given the author for his outstanding 
work in developing the present efficient flexible gastroscope and for his pioneer 
work in stimulating interest in this increasingly important diagnostic procedure 

The book reflects the enthusiasm of the author regarding the importance of 
gastroscopy in the diagnosis of gastric disease The subject is presented in an 
interesting manner, and the book may be used not only as a guide to the neophyte 
in the field of gastroscopy but also as a source of stimulation to all those interested 
in the domain of gastroenterology 

The first portion of the book deals with the historical development of gastros- 
copy and the anatomic difficulties involved This is followed by a painstaking 
description of the technic of the procedure The main portion of the book is 
given over to a description of the gastroscopic appearance in the various forms 
of gastric disease and their treatment This has been based primarily on the 
observations of the author, but careful reference is made to differences of opinion 
that exist among workers in this field 

One of the most interesting subjects dealt with is that of gastritis and its 
various subdivisions Attention is correctly called to the fact that one of the 
greatest difficulties in dealing with the subject is to determine the limits of the 
changes that may occur in the normal gastric mucosa There may be room for 
doubt in the author’s statement that by means of gastroscopy one can absolutely 
determine the operability of carcinoma of the stomach and that exploratory 
laparotomy is not a justifiable procedure 

In the discussion of the relation of gastroscopy to other diagnostic procedures, 
one cannot help feeling that in his enthusiasm the author has not given other 
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procedures as much credit as they deserve One might also question the wisdom 
and necessity of regarding gastroscopy as a routine diagnostic procedure, especially 
when the diagnosis has been established by other means 

Probably one of the most valuable and instructive parts of the book is the 
collection of beautiful colored drawings of the gastroscopic appearance in various 
diseases and conditions that may occur m the stomach 

The book, all in all, is very instructive and well presented and should be 
studied by all those interested in gastroscopy and the diagnosis of gastric disease 

The Harvey Lectures, Delivered Under the Auspices of the Harvey 
Society of New York, 1936-1937, Series 32 Price, $4 Pp 245 Balti- 
more Williams & Wilkins Company, 1937 

This last collection of lectures presented before the Harvey Society comprises 
eight essays, four of them bearing on important newer developments in the physiol- 
ogy of the nervous system Wilder Penfield describes his electrical exploration 
of areas of the cerebral cortex of man and his first provocation of vocalization by 
this means and gives his views on epilepsy, dream states and automatism An 
interesting conclusion is that all parts of the brain may be involved in normal 
conscious processes, but the indispensable substratum of consciousness lies outside 
the cerebral cortex, probably in the diencephalon 

The lecture of S Walter Ranson deals with exploration of the hypothalamus, 
which led to the conclusion that this part of the brain, by way of the hypothalamico- 
hypophysial tract, controls the rate of elimination of water and that through its 
connection with the rest of the brain and spinal cord the hypothalamus activates 
the sympathetic system and also, though less directly, the somatic motor centers 
Its stimulation or release from cortical control provokes the picture of emotional 
excitement and, conversely, its suppression is followed by emotional stolidity 
The lecture of Herbert S Gasser is concerned with action currents in the nerves 
and excitation in the nervous system Sir Henry Dale describes the part played 
by acetylcholine in the transmission of nervous effects through the ganglionic 
synapses, with particular reference to the objections encountered and the explana- 
tions for many of these 

Other lectures in the book are as follows “The Passage of Fluid Through 
the Capillary Wall” by Eugene M Landis, “The Investigation of Intermediary 
Metabolism with the Aid of Heavy Hydrogen” by Rudolf Schoenheimer , “The 
Scientific Work of the Health Organization of the League of Nations” by Thorvald 
Madsen, director of the Serum Institute, Copenhagen, and ‘The Influence of the 
Pituitary and Adrenal Glands upon Pancreatic Diabetes” by C N H Long 
Many of these essays sooner or later probably will be regarded as classics, and 
physicians will be well repaid for time spent on their careful perusal 

Not So Long Ago A Chronicle of Medicine and Doctors in Colonial 
Philadelphia By Cecil K Drinker, M D Price, $3 50 Pp 183, with 20 
illustrations New York Oxford University Press, 1937 

The native Bostonian is generally supposed to be a provincial person with a 
time-honored prejudice in favor of old things that have been established for a 
good many years and that do not change too rapidly — ^things like Harvard College, 
the symphony concerts or the Lowell Lectures The native Philadelphian almost 
always can understand the Bostonian point of view, for he too has an inherited 
prejudice toward old things and likes to recall the days when persons of gentle 
birth realized the responsibilities entailed in being known as ladies and gentlemen 
“Not So Long Ago” is a charming book It has about it the flavor of old 
Madeira and will appeal to any one with a nice palate, particularly any one enter- 
tained by the foibles of the dyed-in-the-wool Bostonian or Philadelphian 

Mrs Elizabeth Drinker was a great lady of Philadelphia She became asso- 
ciated through marriage with the Drinkers of Beverly who moved to Philadelphia 
before Philadelphia was there It is her diary that has been edited by her great. 
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great grandson, who, by the grace of God, has returned to New England from 
Philadelphia and has lately presented excerpts from her diary to Boston as the 
basis of his series of Lowell Lectures 

The diary was written through the eventful years between 1758 and 1807 The 
editor has placed especial emphasis on what Mrs Drinker observed of medicine, 
doctors and hygiene She knew a good deal of obstetrics, she was familiar with 
tuberculosis, typhoid, smallpox and yellow fever, she served tea to Dr Rush in the 
“parlor” and found his conversation agreeable, and she commented shrewdly on the 
peculiarities of other medical men, like Dr Physick, Dr Kuhn and Dr Redman 
The editor has been skilful in making Mrs Drinker a thoroughly lively lady He 
has selected interesting illustrations with which to embellish her diarj" Her views 
on life in general seem close at hand At the end of 1781, at the beginning of the 
“First New Deal,” she wrote, “ ‘Tis a bad Gouvernment under which we are liable 
to have our Houses seachd and every thing laid open to ignorant fellow prehaps 
thieves ” To many of her readers those days will indeed seem not so long ago 

The Technic o£ Local Anesthesia By Arthur E Hertzler Sixtli edition 
Price, $5 Pp 284, with 142 illustrations St Louis C V Mosby Companj, 
1937 

The sixth edition of this work includes a consideration of the few good anes- 
thetics that are available for local anesthesia, the dosages and the methods of use, 
the combination of epinephrine with local anesthetics and the combination of local 
and general anesthesia There is a desciiption of the syringes and needles recom- 
mended for this work and of various other apparatus which is convenientlj 
employed The various blocks are described on an anatomic basis, as, for example, 
in chapter 4, local anesthesia for operations on the scalp, the cranium and its 
contents, and in chapter 5, local anesthesia for operations on the face, jaw and 
tongue In the following chapters local anesthesia is described with respect to 
operations on the ear and mastoid cells, operations for trifacial neuralgia and opera- 
tions on the fifth cranial nerve, cervical lymph nodes, buccal soft parts, thyroid 
gland, tonsils, larynx, trachea, mammary gland, thorax, lungs, spinal column and 
abdomen Paravertebral and splanchnic anesthesia are dealt with in a chapter, as 
well as sacral and transsacral block anesthesia There is a special chapter on 
spinal anesthesia, written by Dr Irene A Koeneke, this subject being considered 
in considerable detail There are further chapters on local anesthesia for opera- 
tions for inguinal and femoral hernias and also for umbilical and scar hernias 
and hernia of the linea alba and for operations on the penis, scrotum, urethra, 
bladder, prostate gland, female organs, rectum and upper and low'er extremities 
There is a short chapter on the intravenous use of sodium amytal, which has not 
been employed much clinically as a surgical anesthetic since 1930 The subject 
of preliminary medication is discussed briefly This is a very useful book for the 
general surgeon because the author’s preference is mfiltration of tissue to be 
incised, which is the most effective method for use by the general surgeon unless 
he has been trained also in the methods of obtaining regional anesthesia There 
are one hundred and forty-two excellent illustrations 

Practical Talks on Kidney Disease By Edward Weiss, M D , Professor of 
Clinical Medicine, Temple University School of Medicine Price, §3 Pp 176, 
with 10 illustrations Springfield, III Charles C Thomas, Publisher, 1937 

This IS an unpretentious, friendly little book that is well worth knowing The 
author says that he had an attack of glomerular nephritis during his internship 
and ever since has been especially interested in renal disease Evidently, too, he 
has also been interested in physicians He has put together this volume “to 
assist the physician who practices general medicine to understand what is gen- 
erally regarded as a difficult and confused subject” 

The plan of the book is sensible Renal physiology and tests of renal function 
are first discussed, next the signs and sjunptoms of renal disease are considered 
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and finally the various major forms of Bright’s disease are elaborated on under 
the chapter headings glomerulonephritis, nephrosis, pregnancy and kidney disease 
and nephrosclerosis 

The author knows of what he writes and is familiar with the literature His 
style IS clear, he drives home simple truths, for instance, that nowadays the 
general practitioner must not be afraid of the ophthalmoscope He paints a clear 
picture of what is generally believed regarding renal disease and its treatment and 
remains properly skeptical about the newer therapeutic procedures that are still 
under fire, such as the use of acacia in the management of edema or various 
operations on the sympathetic nervous system to cure hypertension 

The title of the book is a good description of its contents Certainly here is 
a series of exceptionally practical talks on the modern problems of renal disease 
which many physicians, both old and new, will enjoy 

The Postmortem Examination By Sidney Farber, M D , Associate in 
Pathology, Harvard Medical School Price, $3 50 Pp 201, with 33 illustra- 
tions Springfield, 111 Charles C Thomas, Publisher, 1937 

Nowadays, with the problem of adequate postgraduate medical education loom- 
ing large on the horizon and with meticulous clmicopathologic correlation becom- 
ing increasingly important to clinicians and pathologists in medical schools, 
teaching hospitals and the better administered smaller hospitals, it is timely to 
have published a book dealing with the postmortem examination 

This new handbook is an excellent one, well constructed, well written, well 
illustrated and informative from beginning to end There is a nice historical 
introduction to please the historical minded, and, better still, at the end is reprinted 
a protocol by Virchow which is a model of gross pathologic description The 
bulk of the volume discusses pathologic technic in simple and clear terms, explain- 
ing the various procedures to be employed in a propeily conducted necropsy 
There are twelve chapters in the book, and at the end of each is a short list 
of references to supplementary matter which should appeal to students Finally 
there are given tables of average weights of organs compiled from various authori- 
tative sources and a copy of the report of the New York committee on rules 
governing pathologists and undertakers The latter is a useful document, which 
was included in the hope that it might "serve as a guide for similar committees 
in other cities of the United States ” 

On the whole, Virchow, Chian, Warthin and Mallory and Wright should 
graciously welcome this newcomer, it will prove a respectable member of the 
Society of Good Books and, before long, much thumbed in all medical and hospital 
libraries, will occupy an honorable position on the same shelf with these dis- 
tinguished predecessors 

Physical Diagnosis. By Don C Sutton, M D Price, $5 Pp 495, with 298 
illustrations and 8 colored plates St Louis C V Mosby Company, 1937 

So many excellent books on physical diagnosis have appeared recently, especially 
that of Major, in addition to the innumerable old standbys, that one wonders 
whether this new volume displays any original features Perhaps the outstanding 
part IS the illustrations, which are unusually good and are well selected to illustrate 
problems of physical diagnosis The reviewer hesitates to say, however, that this 
new book is either better or worse than most of its predecessors 

Erforschung und Praxis der Warmebehandlung in der Medizin einschliess- 
lich Diathermic und Kurzwellentherapie Edited by B Rajewsky, MD, 
and H Lampert, MD Price, 9 50 marks Pp 185, with 82 illustrations’ 
Dresden Theodor Steinkopff, 1937 

Twelve papers which were read before the second conference on medical science 
at Frankfort, Germany, on the present status of heat therapy are included in this 
volume, together with a great deal of the discussion relative to them The 
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papers deal with the practical or therapeutic use of heat, physiologic principles 
and the physical nature of the instruments used and the energy emitted by them 
The last five papers will be of interest to various specialists, as they deal with the 
use of heat treatment in internal medicine, pediatrics, surgery, gynecology and 
balneology The practitioner of physical therapy who is interested in knowing 
what he is doing when he uses heat will obtain much valuable information from 
a study of these articles 

Differentialdiagnose m der inneren Medizin III By Prof Dr Med O 
Naegeli Price, 10 80 marks Pp 415 to 772, with 59 illustrations Leipzig 
Georg Thieme, 1937 

This volume is the third instalment of Naegeli’s work on differential diag- 
nosis The febrile diseases and diseases of the joints, esophagus, heart, kidneys, 
nervous system and internal secretorj'^ glands are discussed The book is beauti- 
fully illustrated and contains a mine of useful material To the reMewer, how- 
ever, it seems that differential diagnosis does not lend itself well to treatment as 
an independent subject, in fact, much of the matter given here is simplj a 
duplication of what is found in general textbooks of medicine 

The Human Mind By Karl A Menninger Second edition Price, S5 Pp 504 
New York Alfred A Knopf, 1937 

Dr Menninger has produced a solid yet readable book, and the profusion of 
brief case histones, graphically presented, will undoubtedly appeal to the lay reader 
Just what, if any, purpose is served, however, by attempting to initiate the general 
public into the mysteries of psychiatry is another question Had Pope lived 
today, he surely would have had this question in mind when he warned “Drink 
deep, or taste not the Pierian spring” Every one knows that the newspaper 
reader promptly worries about having all the sj'mptoms enumerated in the patent 
medicine advertisements, may not a similar and perhaps more serious disturbance 
result from reading popular psychiatry’ 

Tuberculose du tube digestif By^ A Cade, P Santy and J Hcitz Price, 
80 francs Pp 410, with 27 illustrations Pans Gaston Dom & Cie, 1937 

This book IS one of a series of monographs on tuberculosis published by the 
Bibliotheque de la tuberculose, founded by Chantemesse, Poncet and Collet Tuber- 
culosis of the gastrointestinal tract has been investigated intensively in recent 
years, and this volume constitutes a review of the laboratory and clinical develop- 
ment in this field Theory is given due consideration, but particular attention is 
paid to treatment, including surgical procedures An extensive bibliography adds 
greatly to the usefulness of this book 

Les hepatites By Maurice Loeper, MD Price, 60 francs Pp 262, with 47 
illustrations Pans Masson & Cie, 1937 

In this monograph the author deals systematically with various forms of 
hepatitis There is much interesting material, but the classification of the various 
types does not seem entirely clear or satisfactory However, the reports of 
cases make it possible for those accustomed to other classifications to follow 
fairly well the author’s views A considerable bibliography is included 

Allgemeine Elektrodiographie By Prof Dr Eberhard Koch Second edition 
Price, 3 marks Pp 40, with 37 illustrations Dresden Theodor Steinkopff, 
1937 

This little outline reduces to forty pages the essentials of electrocardiography 
with the aid of excellent charts and diagrams 
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A leporO- has alieady been made concerning certain eftects on the 
cnculation caused by the giving of theiapeutic amounts of digitalis to 
noiinal persons and to patients suffering from oiganic heart disease 
who exhibit signs and symptoms of congestive heait failuie In the 
case of the normal heait, the action of digitalis was to decrease its 
size and the volume of its output of blood pei minute , ^ in the case of 
the enlaiged heait, whether the ihythm was regulai or that of aunculai 
fibrillation, the action was to decrease its size and to inciease its output 
of blood per minute ^ There was one action of digitalis which was 
common to the noimal and to the enlaiged heait, namely, the effect on 
size, which was to decrease it We weie led, then, to the notion that 
this action was an essential one and that the cai diac output which resulted 
depended on the initial size of the heart Moreover, the effect on the 
size of the heart ^appeared to be due to an action of the drug on 
the cardiac muscle, 'lince we Avere unable to show that the decrease in the 
size of the heait and the decrease in caidiac output which we obseived 
weie associated with a decrease in venous pressure^ Moi cover, results 
parallel to these were found when obserA^ations ivere made on normal 
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An abstract of these studies was presented before the American Society for 
Clinical Investigation, Atlantic City, N J , May 6, 1935 

1 Stewart, H J , and Cohn, A E III Studies on the Effect of the Action 

(Sep?) I 932 " ^ Investigation 11 917 

Arfn J > Deitnck, J E , Crane, N F , and Wheeler, C H 

n S Uncompensated Heart Disease, Arch Int Med , this issue 

P 569 (l>) Stewart and Cohn 1 ’ 
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dogs,® as well as on dogs with laige hearts without failuie * The results 
so far as cardiac output was concerned weie similar to those reported by 
Burwell, Neighbors and Regen® (for normal human beings) and by 
Harrison and Leonard ® (for normal dogs) 

In continuing the study of the action of digitalis we observed the 
effect of giving the drug to patients suffering from organic heart disease 
who had not experienced congestive heart failure Studies were made 
not alone of patients with a regular rhythm but also of those exhibiting 
auricular fibrillation There was reason, as a matter of fact, for observ- 
ing the action of digitalis in those patients exhibiting normal rhythm, 
since Christian has advocated its use in these cases 

I OBSERVATIONS ON PATIENTS EXHIBITING NORMAL SINUS RHYTHM 

We Wished to reduce our observations to as standardized a procedure 
as possible in order to compare the results obtained m different patients 
To this end we chose, in the first place, for this part of the study only 
those subjects who satisfied the following criteria (o) All the patients 
exhibited signs of organic valvular disease of rheumatic origin, (&) 
patients were chosen who had not suffered from an attack of congestive 
heart failure or who did not have heart failure at the time of observation , 
(c) the patients had heart disease either of type I (activity not limited) 
or of type HA (activity slightly limited), as described m the publication 
entitled “Criteria for the Classification and Diagnosis of Heart Disease” 
issued by the Heart Committee of the New York Tuberculosis and 
Health Association, ® (d) patients were given within twenty-four houis 
the same amount of digitalis, namely 1 6 to 1 8 Cm of the same “batch ” 

3 Cohn, A E , and Stewart, H J The Relation Between Cardiac Size and 
Cardiac Output per Minute Following the Administration of Digitalis in Normal 
Dogs, J Clin Investigation 6 53 (Aug ) 1928 

4 Cohn, A E , and Stewart, H J The Relation Between Cardiac Size and 
Cardiac Output per Minute Following the Administration of Digitalis in Dogs in 
Which the Heart Is Enlarged, J Clin Investigation 6 79 (Aug ) 1928 

5 Burwell, C S , Neighbors, DeW , and Regen, E M The Effect of Digi- 
talis upon the Output of the Heart in Normal Man, J Clin Investigation 5 125 
(Dec) 1928 

6 Harrison, T R , and Leonard, B W The Effect of Digitalis on the 
Cardiac Output of Dogs and Its Bearing on the Action of the Drug in Heart 
Disease, J Clin Investigation 3 1 (Oct ) 1926 

7 Christian, H A The Use of Digitalis Other Than in the Treatment of 
Cardiac Decompensation, JAMA 100 789 (March 18) 1933 

8 Criteria for the Classification and Diagnosis of Heart Disease, ed 2, New 
York, New York Tuberculosis and Health Association, 1929 

9 Experience with this particular “batch” showed that this amount was 
required regardless of body weight to slow the rapid ventricular rate m the presence 
of auricular fibrillation to around 70 per minute when given wnthin twenty-four 
hours. It was considered as the “digitalizing” amount (unpublished data) 
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prepared and standardized by the American Heart Association To all 
the patients the total amount was distributed during the day m approxi- 
mately the same fashion, as follows 0 8 Gm at 8 or 9 a m , 0 5 Gm at 
noon or 1 p m , 0 3 Gm at 4 p m and 0 2 Gm at 8 or 9 p m 
And finally, in the third place, observations were made at the same time 
with respect to the giving of digitalis On the first day (see section on 
methods) observations on the circulation were made On the next 
day digitalis was given, the first dose was administered early m the 
morning and the total amount by evening. On the next day, twenty-four 
hours after treatment with digitalis was started, observations were 
repeated and then again twenty-four or forty-eight hours later and in 
certain cases at still longer intervals Since our other observations 
demonstrated that the early effects of digitalis were important, we made 
measurements twenty-four hours after use of the drug had been started ^ 

In addition to observations relating to rheumatic heart disease (cases 
1 to 13, inclusive), data were also obtained concerning patients with 
hypertensive (case 14), arteriosclerotic (cases 15 and 16) and syphilitic 
(case 17) heart disease 

Methods — The methods and plan of procedure used m making these 
observations, as well as those to be reported in our next paper, ^ weie 
as follows 

All observations were made in the morning while the patient was in a basal 
metabolic state Measurements of the cardiac output were made by the acetylene 
method, three samples of gas being taken, as recommended by Grollman^o in his 
book entitled “The Cardiac Output of Man in Health and Disease,” and as further 
elaborated by Grollman, Friedman, Clark and Harrison n During this measure- 
ment the patient sat in a steamer chair (at an angle of 135 degrees) with the 
legs extended Each patient was made familiar with and trained to carry out 
the procedures beforehand While he was resting quietly, the radial pulse was 
counted at intervals of five minutes At the end of one-half hour the acetylene- 
air-oxygen mixture was rebreathed The amount of gas in the “rebreathing bag” 
was adjusted to the amount the patient could take satisfactorily Three samples 
of gas were obtained during each period of rebreathing for estimation of the 
arteriovenous oxygen difference Three periods of rebreathing were carried out 
to make certain that mixing was secured , one, two or all sets were analyzed 
Shortly afterward the oxygen consumption was measured with a Benedict-Roth 
spirometer After a short pause the vital capacity was measured, and the height 
and the weight were recorded Then the patient rested again, this time by lying 
down In succession, sufficient time being allowed between each procedure for the 
patient to return to a basal metabolic state, an electrocardiogram was taken, the 

10 Grollman, A The Cardiac Output of Man in Health and Disease, 
Springfield, III, Charles C Thomas, Publisher, 1932, p 73 

11 Grollman, A , Friedman, B , Clark, G , and Harrison, T R Studies in 
Congestive Heart Failure XXIII A Critical Study of Methods for Determining 
the Cardiac Output in Patients with Cardiac Disease, J Clin Investigation 12 
751 (Sept) 1933 
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arm to tongue circulation time recorded, the venous pressure estimated and 
the blood pressure measured, finally, the basal state still being maintained, a 
roentgenogram of the heart was made at a distance of 2 meters 

The arm to tongue circulation time was estimated by the use of dechohn sodium , 

5 cc of a 20 per cent solution was injected rapidly (one to two seconds) through 
an 18 gage needle into an antecubital vein while the patient was lying quietly in 
a supine position This was repeated one and one-half minutes after the response 
to the first test had been elicited The time was recorded from the beginning of 
the injection until the patient perceived the bitter taste The injection time was 
also recorded, since, however, the response may come with a minimal amount of 
the drug, the time which we used was measured from the start rather than from the 
conclusion of the injection 

The venous pressure was measured by the direct method,^- a large antecubital 
vein being used and the arm being placed on a level with the right auricle The 
apparatus consisted of an L tube of glass attached to a three way stopcock, a 
syringe and an 18 gage needle The apparatus was filled with a sterile 
normal solution of sodium chloride, venipuncture was performed and the direct 
pressure readings were recorded Normal pressures with this apparatus range from 
4 to 9 cm of saline solution The antecubital vein of one arm was reserved for 
the injection of dechohn and that of the other arm for the measurement of venous 
pressure In subsequent measurements the vein was entered at the site first 
punctured 

Roentgenograms of the cardiac silhouette were taken with the patient in the 
standing position, during full inspiration, at a distance of 2 meters Measurements 
of the cardiac area were carried out by the technic of Levy,^i and estimations of 
volume were made as recommended by Bardeen The volumes recorded m table 1 
were not multiplied by the constant which is included in Bardeen’s formula This 
was omitted in order to make our observations comparable to those of Starr 

The work of the left ventricle per beat was calculated by making use of the 
formula W” = QR -f , in which W equals the work done per beat , Q equals 
the volume of blood expelled per beat, R equals the mean arterial blood pressure 
in millimeters of mercury times 13 6, V equals the velocity of blood m the aorta, 
w equals the weight of the blood, and g equals the acceleration due to gravity 
The last part of the formula, , was omitted 

Observations — According to the results obtained for 13 patients 
suffering from rheumatic heart disease, three groups were made with 

12 Taylor, F A , Thomas, A B , and Schleiter, H G A Direct Method for 
the Estimation of Venous Pressure, Proc Soc Exper Biol & Med 27 867 
(May) 1930 

13 The staff of the Roentgenologic Department of the New York Hospital 
cooperated in this investigation 

14 Levy, R L The Size of the Heart m Pneumonia A Teleoroentgeno- 
graphic Study, with Observations on the Effect of Digitalis Therapy, Arch Int 
Med 32 359 (Sept ) 1923 

15 Bardeen, C R Determination of the Size of the Heart b}' Means of 
X-Rays, Am J Anat 23 423 (March) 1918 

16 Starr, I , Jr , Collins, L H , Jr , and Wood, F C Studies of the Basal 
Work and Output of the Heart in Clinical Conditions, J Clin Investigation 12 
13 (Jan) 1933 
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respect to the eifect of digitalis on the cardiac output In 4 cases 
(case 1 to 4) its effect was to decrease the cardiac output (group 1) and 
in 3 (cases 5 to 7) to increase the cardiac output (group 2) , finally, in 6 
cases (cases 8 to 13) no change in cardiac output was observed 
(group 3) 



Fig 1 (case 1) — The efifect of digitalis on the cardiac output, cardiac size, 
venous pressure and circulation time of F S , representing group 1 

Gi oup 1 Decrease in Cardiac Output Case 1 illustrates the effect 
of digitalis in this gioup of patients After the admmistiation of 1 8 
Gm of digitalis there occurred within twenty-four hours a decrease in 
cardiac output per minute (table 1 and figs 1 and 2) and per beat, a 




Table 1 — Data Relating to the Effect of Digitalis in Seventeen Cases 


Oxygen Arterio Cardiac 







Con 

venous 


Output, 










sump- 

Oxygen 

Cardiac 

D per 




Circu 





Body 

tion. 

Differ 

Output, 

Sq M 

Cardiac 

Cardiac 

Arterial 

lation 




Surface, 

Oc per 

ence. 

D per 

per 

Area, 

Volume, 

Pressure, 

Time, 

Case 

Age 

Sex 

Date 

Sq M 

Min 

Oc 

Min 

Min 

Sq Cm 

Cct 

Mm Hg 

Sec 




Rheumatic Heart Disease Group 1 Decreased Cardiac Output 



1 

24 

M 

4/13/35 

1 58 

195 

64 6 

302 

1 91 

162 9 

1,897 

100/60 

115 

F S 



4/14/35 













4/15/35 

1 68 

180 

869 

2 07 

1 31 

138 0 

1,483 

112/70 

21 3 




4/16/35 

1 68 

182 

77 3 

2 35 

1 48 

140 5 

1,535 

102/02 

17 8 




4/19/35 

1 68 

187 

72 4 

2 68 

1 63 

150 5 

1,690 

132/70 

210 

2 

23 

M 

10/30/34 

173 

210 

69 9 

300 

1 74 

144 0 

1,570 

118/80 

10 0 

A G 



11/12/34 

175 

214 

69 7 

306 

1 79 

1419 

1,530 

118/74 

38 5 




11/13/34 













11/14/34 

173 

214 

86 5 

2 47 

1 43 

122 0 

1,273 

118/72 

ID 7 




11/16/34 

1 72 

’14 

886 

2 41 

1 40 

117 6 

1,170 

118/72 

20 0 




11/17/34 

172 

216 

76 8 

2 81 

1 63 

123 8 

1,265 

108/70 

17 5 

3 

32 

F 

4/ 4/34 

1 45 

168 

896 

176 

121 

154 4 

1,745 

116/65 


M R 



4/ 5/34 













4/ 6/34 

1 44 

160 

115 5 

1 39 

0 97 

135 7 

1,415 

110/04 





4/ 7/34 

1 44 

160 

109 3 

1 46 

101 

130 2 

1,350 

105/05 





4/14/34 

1 44 

151 

101 8 

1 48 

1 03 

139 6 

1,515 

120/70 


4 

2o 

M 

12/ 7/35 

192 

290 

73 4 

4 OO 

2 03 

273 6 

4,120 

102/54 

24 0 

0 W 



12/19/35 

1O/0A/<)R 

1 94 

286 

75 8 

3 77 

1 95 

273 2 

4,120 

110/66 

25 2 




XJif jiju 

12/21/35 

1 90 

267 

89 5 

2 98 

1 57 

248 9 

3,580 

103/63 

25 7 




12/23/35 

1 92 

290 

84 6 

3 43 

1 78 

253 7 

3,080 

104/00 

22 4 





Group 2 

Increased Cardiac Output 





a 

21 

M 

11/ 8/34 

164 

193 

71 4 

2 73 

177 

119 2 

1,180 

122/50 

19 5 

E P 



11/ 9/34 













11/10/34 

1 65 

185 

60 4 

307 

1 98 

098 

910 

120/60 

14 7 




11/13/34 

1 55 

185 

540 

8 43 

2 21 

114 7 

1,108 

120/00 

13 8 




11/15/34 

155 

190 

60 4 

314 

2 03 

114 8 

1,108 

120/50 

15 3 

6 

4b 

F 

12/10/34 

144 

182 

77 4 

2 35 

1 03 

123 8 

1,280 

128/84 

15 6 

M C 



12/11/34 













12/12/34 

1 44 

177 

77 0 

2 30 

100 

1310 

1,805 

120/08 

17 6 




12/13/34 

1 44 

183 

628 

2 91 

202 

320 8 

3,217 

328/08 

171 




12/18/34 

1 44 

191 

67 2 

284 

200 

111 7 

1,076 

118/69 

20 7 

7 

28 

F 

■L0l20ISi 

170 

233 

68 6 

3 40 

200 

140 0 

1,040 

100/70 

17 5 

R D 



10/2r/34 













10/22/34 

1 70 

218 

47 8 

456 

2 62 

132 4 

3,380 

308/66 

13 7 




10/30/34 

1 70 

230 

62 2 

4 41 

2 59 

335 0 

1,450 

116/70 

13 3 





Group 3 No Change 

in Cardine Output 




8 

21 

XI 

4/ 6/35 

175 

234 

70 9 

3 30 

189 

120 6 

1,220 

120/04 

17 2 

R L 



4/ 7/35 













il 8/35 

1 75 

234 

70 9 

330 

189 

122 0 

1,230 

180/78 

16 9 




4/ 9/35 

1 76 

230 

74 0 

311 

177 

119 3 

1,200 

124/70 

17 4 

9 

2) 

r 

nllSIVy 

1 48 

122 

65 9 

1 85 

1 25 

1210 

1,220 

104 50 

16 6 

J F 



5/19/35 













5/20/35 

1 49 

131 

67 1 

1 96 

1 31 

120 6 

1,208 

104/68 

15 5 




5/22/35 

149 

131 

65 4 

2W) 

134 

124 5 

1,265 

104/58 

151 

10 

19 

F 

3/18/35 

1 66 

195 

82 8 

2 36 

1 42 

106 0 

1,040 

104/10 

10 7 

E 0 



3/19/35 













3/20/35 

168 

195 

82 7 

2 36 

1 40 

104 7 

9S5 

118/40 

13 7 




3/21/35 

168 

189 

82 2 

2 30 

137 

1016 

825 

120/ 0 

12 3 

11 

23 

F 

2!UIS5 

1 73 

203 

62 7 

3 24 

1 87 

976 

886 

112/60 

11 6 

A M 



2/15/35 













2/16/35 

171 

205 

619 

3 31 

194 

95 3 

837 

120/50 

13 7 

12 

28 

F 

10/ 8/34 

181 

256 

oil 

4 19 

2 31 

123 0 

1,205 

110/75 

12 9 

J s 



10/ 9/34 













10/10/34 

1 81 

256 

60 9 

4 20 

2 32 

125 6 

1,280 

122/66 

11 5 




10/11/34 

181 

259 

65 3 

3 97 

2 20 

123 7 

1,265 

110/60 

12 7 

13 

21 

F 

9/19/34 

1 46 

185 




180 6 

2,210 

130/70 


R M 



QI21IU 
Q/9Q 30/ai 

1 46 

189 

1091 

1 73 

1 19 

181 3 

2,210 

115/73 





y3f£.\J OV/url 

10/ 1/34 

144 

193 

106 0 

182 

1 26 

173 6 

2,120 

90/70 





10/ 2/34 

1 44 

191 

109 2 

175 

1 22 

180 0 

2,200 

110/80 





10/ 3/34 

1 44 

180 

101 5 

176 

1 22 

172 9 

2,080 

300/70 





10/ 6/34 

1 46 

185 

100 8 

183 

1 25 

183 3 

2,200 

110/70 

250 


*In this tabl^e, as wen as in table 2, the following symbols are used « M S, mitral stenosis M I, mitral 

^ insufficiency Knl Ht , enlarged heart, RtIVHB, right intra 

^entrlralar heart block The roman numerals indicate the elassiflcation number 

t The volumes have not been multiplied by the constant included in Bardeen’s formula, ns stated in text 



C} Lompcnsaicd Caidiac Disease Assoeiated xvilh Nonnal Rhythm 


Venous 

Pres 

sore, 

Cm 





Work 



Car 

of Left 


Car 

diac 

Ven 


diac 

Out 

tricle. 

Vital 

Rate, 

put, 

Gm M 

Capacitj, 

per 

Cc per 

per 

Cc 

Min 

Beat 

Beat 


Gm 


Age at 

Age at 
Which 
Cardiac 

Age 

at 

Which 

Jxision 

Onset 

Rheumatic 

Was 

of 

Infection 

Diag 

Sjmp- 

Occurred, 

nosed. 

toms, 

Yr 

Tr 

\T 


Sjmptoms Diatnosis 


Kheumatic Heart Disease Group 1 Decrea=cd Cardiac Output 


Red 
Blood 
Cell 
Count 
and 
Heino 
globin 
\ aluet 


9 5 

4,400 

72 

42 

49 

1 8 

8 chorea Unknown 
12 joints 

10 

11 2 

4,100 

72 

29 

37 




10 5 

4,000 

72 

33 

37 




8 5 

4,200 

60 

43 

o9 





4,200 

76 

39 

53 


’ 10 Unknown 

23 


4,300 

70 

40 

52 

17 




4,200 

80 

31 

40 





4,250 

80 

30 

39 





4,250 

64 

44 

53 





2,100 

60 

29 

34 

1 6 

Unknown 10 

27 


2,180 

65 

21 

25 





2,000 

72 

20 

23 





2,200 

58 

26 

34 




10 5 

3,850 

70 

57 

60 5 


Unknown 12 

3 

88 

4,100 

70 

54 

06 8 

1 8 



80 

4,100 

64 

47 

52 4 

02 q d § 



10 9 

4,100 

74 

40 

51 3 









Group 2 Increased Cardiac Output 


3,100 

SO 

34 

40 

1 7 

Unknown Unknown 

None 


3,250 

66 

47 

54 

02 q d 




8,250 

72 

48 

59 





3,200 

64 

49 

56 




67 

2,600 

00 

30 

52 

18 

44 10 

44 

56 

2,550 

62 

37 

47 




53 

2,500 

60 

48 

64 




53 

2,600 

59 

48 

61 





2,300 

100 

34 

41 

1 8 

Unknown 24 

24 


2,450 

82 

56 

68 

02 q d 




2,500 

82 

54 

66 







Group 3 No Change in Cardiac Output 

10 5 

4,100 

74 

45 

56 

1 8 

15 joints Unknown 

20 

83 

4,050 

72 

46 

65 

0 3 



13 7 

4,200 

74 

42 

55 




68 

2,800 

70 

26 

27 

18 

Unknown 12 

23 

77 

3,000 

66 

30 

35 

0 2 on 



78 

3,000 

78 

27 

30 

May 21 



82 

2,850 

86 

27 

21 

18 

9 joints 9 

None 

96 

2,800 

84 



and chorea 


29 

31 


16 joints 


91 

2,900 

so 

29 

23 


18 joints 


101 

95 

2,900 

2,250 

74 

44 

52 

1 8 

6 chorea Child- 
15 chorea hood 

22 

72 

40 

53 




2,700 

2,950 

118 

36 

45 

1 8 

Unknown 24 

Child 

hood 


106 

40 

51 

0 2 q d 



2,850 

100 

40 

47 




2,350 

2,000 

74 

72 

24 

31 


6 joints 6 

12 


2,525 

70 

26 

29 

1 7 

0 2 0 (1 




2,500 

64 

27 

35 

0 1 on 




2 500 

04 

28 

32 

Oct 5 




2,500 

62 

SO 

30 




Oeeasional MS MI 
djspnea Enl Ht , I 


Fatigue M S , M I 
Enl Ht , I 


Djspnea M S , M I , 
on exertion Enl Ht , I 


Slight 

dyspnea 


Eone 


Slight 

djspnea 


Slight 

dyspnea 


Slight 
dyspnea on 
exertion 


Djspnea 
on exertion 


None 


Dyspnea 
on exertion 


Slight 
dyspnea 
on exertion 


MS MI 
Enl Ht , I 


M S , M I 
A S , A I , 
Enl Ht , IIA 


M S , M I , 
A S . A I , 
Enl Ht , IIA 


M S . M I , 
Enl Ht IIA 


M S , M I 
\ I , slightly 
Enl Ht , I 


M S , M I , 
AS A I , 
slightly Enl 
Ht , I 

M S M I 
A S , A I 
slightly Enl 
Ht , I 

M S , M I , 
A I Enl 
Ht , I or IIA 

M S , M I 
slightly Enl 
Ht , I orII\ 


Djspnea M S , M I , 
on exertion A S A I 

Enl Ht HA 


4 4 
SO 


4 0 
S5 


4 7 
100 


5 4 
94 


50 

100 


36 

79 


91 


58 

102 


4 8 
90 


4 8 
90 


4 8 
88 


75 


4 1 
85 


4 The jalues for red blood eells are given in millions 
of hemoglobin being equivalent to 100 per cent 

and amounts of digitalis ivere given, the measurements ivere made in the morning as usual 

and the maintenance do^o of digitalis vas given later in the day -mujujiit as usuai 


those for hemoglobin are gnen in percentages, 14 o Gm 



Table 1 — Data Relating to the Effect of Digitalis in Seventeen Cases of Com 


Oxygen Arterio- Cardiac 

Con venous Output, 







sumi)- 

Oxygen Cardiac 

H per 

Cardiac 



Circu 





Body 

tion. 

Differ 

Output, 

Sq M 

Cardiac 

Arterial 

lation 





Surface, 

Co per 

ence. 

L per 

per 

Area, 

Volume, 

Pressure, 

Time, 

Case 

Age 

Sex 

Bate 

Sq M 

Mm 

Cc 

Mm 

Min 

Sq Cm 

Cct 

Mm Hg 

Sec 






Hypertensive Heart Biseasc 





14 

62 

R 

3/11/36 

1 61 

143 

65 9 

217 

1 35 

118 7 

1,180 

150/80 

15 0 

A G 



3/12/36 

3/13/36 

161 

135 

74 4 

1 81 

1 12 

121 7 

1,224 

1,095 

140/70 

14 6 




3/14/36 

161 

120 

682 

176 

1 10 

113 0 

100/80 

17 0 






Arteriosclerotic 

Heart Disease 





15 

69 

M 

1/15/35 

167 

259 

64 6 

4 01 

2 40 

107 7 

1,030 

120/00 

11 5 

c aic4 



1/16/35 

1/17/35 

166 

259 

74 6 

3 47 

200 

92 5 

707 

118/50 

119 




1/19/35 

1 66 

267 

607 

4 40 

2 05 

100 7 

927 

124/70 

11 5 

16 

5S 

M 

10/29/35 

1 59 

160 

72 9 

2 20 

1 38 

139 0 

1,493 

122/82 

27 0 

J s 



10/30/35 

10/31/35 

1 60 

178 

521 

3 42 

2 14 

120 6 

1,297 

932 

138/90 

24 3 




11/ 0/35 

1 57 

174 

48 3 

3 00 

229 

1051 

129/78 

204 






Sjphilitic Heart Disease 





17 

48 

M 

10/15/34 

1 75 

227 

64 1 

354 

202 



118/50 

13 2 

H W 



10/16/S4 

1 75 

232 

003 

3 85 

2 20 

137 5 

1,460 

108/10 

1 38 




10/17/34 

10/18/34 

1 75 

222 

001 

3 69 

210 

138 5 

1,485 

118/46 

12 8 




10/19/34 

175 

228 

74 8 

3 05 

174 

128 6 

1,330 

120/40 

16 0 




10/23/34 

175 

220 

73 5 

299 

171 

127 3 

1,293 

130/50 

151 




10/26/34 

1 76 

220 

77 4 

2 84 

1 01 

129 3 

1,330 

120/40 

16 8 

* In this table. 

as Tvell ns : 

In table 2 

the following 

symbols are used 

® M S , mitral stenosis M I , 

mitral 


insufficiency, A S, aortic stenosis, A I, aortic insufficiency, Enl Ht , enlarged heart, Rt I V HB, right intra 
ventncular heart block Tlie roman numerals indicate the classification number 

t The volumes have not been multiplied by the constant included m Bardeen’s formula, os stated in text 


Table 2 — Data Relating to the Effect of Digitalis in Five Cases of 


Oxygen Arterio 

Con venous Cardiac 







sump- Oxygen 

Cardiac 

Output, 








Body 

tion. Differ 

Output, 

Jj per 

Cardiac 

Cardiac 

Arterial 





Surface, 

Cc per ence. 

D per 

Sq M 

Aren, 

Voiume, 

Pressure 

Case 

Age 

Sex 

Date 

Sq M 

Min Cc 

Min 

per Min 

Sq Cm 

Cc • 

Mm Hg 

IS 

73 

M 

3/ 5/35 

180 

205 97 0 

210 

1 17 

224 1 

3,055 

140 130/ 70 

H 0 



3/ 0/35 









3/ 7/35 

1 79 

222 62 5 

3 55 

2 00 

210 8 

2,792 

145/ 60 

19 

25 

P 

4/11/34 

1 52 

191 90 2 

198 

1 30 

189 8 

2,398 

98/ 00 

M B 



4/20/34 

1 52 

180 98 2 

183 

1 20 

194 4 

2,472 

98/ 00 




4/21/34 










4/22/34 

1 52 

184 84 5 

218 

1 44 

178 4 

2,172 

110/ 80 




4/27/34 

1 48 

172 S3 6 

200 

1 39 

1851 

2,315 

98/ 00 

20 

44 

P 

10/25/34 

147 

218 125 6 

1 74 

118 

1301 

1,450 

150/100 

C C 



10/26/34 










10/27/34 

1 44 

189 89 3 

212 

1 45 

122 3 

1,232 

130/ 70 

21 

28 

M 

11/12/35 

1 55 

237 86 3 

2 75 

180 

154 3 

1,740 

135/ 70 

J 6 



11/13/35 










11/14/35 

1 55 

228 81 0 

2 81 

1 80 

157 8 

1,805 

150/ 78 




11/16/35 

1 55 

226 86 2 

2 61 

170 

143 5 

1,567 

152/ 70 

22 

50 

M 

10/ 1/35 

2 13 

207 68 2 

3 92 

1 84 

159 3 

1,833 

120/ SO 

H C 



10/ 2/35 









10/ 3/35 

213 

207 061 

4 04 

1 90 

153 0 

1,726 

118 110/ 84 

* The volumes 
text 

have not 

been multiplied by the 

constant 

included 

in Bardeen’s 

formula. 

ns stated 


t The values for red blood cells are given in millions, those for hemoglobin are given in percentages 






paisated Cardiac Disease Associated uiih Normal Rhythvi * Continued 





Car- 

of Left 



Car 

diac 

Ven 

Venous 


diac 

Out- 

tncle. 

Pres- 

Vital 

Bate, 

put, 

Gm 31 

sure, 

Capacitv, 

per 

Cc per 

per 

Cm 

Cc 

Min 

Beat 

Beat 

91 

l.COO 

SO 

27 

42 

7S 

1,500 

70 

26 

38 


1,350 

66 

27 

44 

5 5 

2,700 

70 

57 

70 

53 

2,500 

82 

42 

50 

d£ 

2,500 

72 

61 

SO 

37 

2,600 


38 

53 

49 

2,700 

56 

61 

94 

3^ 

2,900 

64 

56 

79 


4,100 

74 

4S 

55 


4,100 

72 

53 

53 


4,250 

74 

49 

55 


4,250 

70 

43 

47 


4,250 

63 

43 

53 


4,200 

64 

44 

43 


Digitalis 

Gm. 


Age at 
TThich 
Ehemnatic 
Infection 
, Occtuxed, 
Tr 


Age at 
Which 
Cardiac 
Lesion 
Was 
Diag- 
nosed, 
Yr 


Age 

at 

Onset 

of 

Symp- 

toms, 

Yr 


Hypertensive Heart Disease 
■Dhknovm TJnknoira 


ArtenoHclerotic Heart Disease 
Unknoim Unknoivn 


Symptoms 


Slight 

dyspnea 


Slight 

dyspnea 


Diagnosis 


Et-IV-HB, 
not Enl Ht , 
HA 


Bed 

Blood 

Cell 

Count 

and 

Hemo 

globin 

Valucf 


31 I not 4 5 

Enl Ht.HA GO 


Unknown Unknown Unknown Occasional None not 4 9 
1 S paroxysmal Enl Ht , IIA 100 

0 2 q d tachycardia 


Syphilitic Heart Disease 


lA 

02qd 


Syphihtic Unknown None 

infection 

at 22 


A I , Enl 
Ht, I 


i The values for red hlood cells are given m miHions, those tor hemoglobin are given in percentages, 14 5 Gm 
of hemoglobin being equivalent to 100 per cent 

? When maintenance amounts of digitalis were given, the measurements were made in the morning as usual, 
and the maintenance dose of digitahs was given later in the day 


Compensated Cardiac Disease Associated tx/ifh Auricular Fibrillation 


Circu 



Cardiac 

Cardiac 

lation 

Venous 

Vital 

Bate, 

Output, 

inme. 

Pressure, 

Capacity, 

per 

Cc per 

Sec 

Cm 

Cc 

3Iia 

Beat 

21 2 

E9 

3,SO0 

92 

23 


S2 

330 

70 

51 



2,100 

EG 

23 



2,310 

106 

17 



2,300 

70 

30 



2,700 

70 

SO 

17 0 


1,900 

142 

12 

10 0 


2,100 

92 

23 

19 9 

91 

2,750 

66 

42 

212 

5 9 

2,330 

52 

54 

22 1 

63 

2,990 

50 

52 

IS 5 

S^ 

3, GOO 

SS 

45 

18A 

89 

3,600 

£9 

52 


Diuresis 


Diagnosis 


Bed Blood 
Cell Count 
and 

Hemoglobin 

Yaluef 


33 2 


Not 

31 S . 31 I , 

714 

1 7 

measured 

Enl Ht . I 

247 

185 

38 8 

32 2 

1 7 

0 1 q d 

None 

31 S 31 I . 

Enl Ht , IL4 

207 

31 3 

1^ 

None 

31 S 31 I , 
slightly Enl Ht , 
HA 

GO 5 

83 7 

SO 6 

18 

01 q d 

None 

31 S , 31 I ; 

Enl Ht HA 

612 

18 

None 

Arteriosclerosis, 
Enl Ht.HA 

70 0 





556 


ARCHIVES OF INTERNAL MEDICINE 


deciease in cardiac size, slowing of the ciiculation time and no essential 
change in venous pressure Reversion toward predigitalis levels occurred 
as the digitalis effect wore off Results similar to these were observed 
in 3 other patients (cases 2 to 4) suffering from rheumatic heart disease, 
as well as m 1 with hypertensive (case 14), 1 with arterioscleiotic 
(case 15) and 1 with syphilitic (case 17) involvement (table 1) 

Group 2 Inciease in Cardiac Output Case 5 illustrates the effect 
of the diug in this group Twenty-four hours after the giving of 1 7 Cm 
of digitalis there occurred an increase m cardiac output per minute and 




Fig 2 (case 1) —The change in the size of the heart after the administration 
of 1 8 Gm of digitalis A was taken (April 13, 1935) before and B was taken 
(April 15) twent 3 "-four hours after the administration of the drug In C the 
outlines of the heart traced from A and B are superimposed 

per beat, a decrease m the size of the heart and a shortening of the 
circulation time (table 1 and figs 3 and 4) In this patient these trends 
were maintained with continuation of the drug The results in 2 other 
patients suffering from rheumatic (cases 6 and 7) as well as 1 (case 16) 
suffering from arteriosclerotic heart disease followed a similar pat- 
tern (table 1) 

Group 3 No Change in Cardiac Output Case 8 illustrates the 
effect of digitalis in this group of 6 patients (cases 8 to 13, table 1) The 
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giving of 1 8 Gm of digitalis to this patient was associated with no 
significant change in cardiac output, cardiac size, circulation time or 
^enous pressure (table 1 and figs 5 and 6), although changes in the 
T wave of the electrocardiogram were recorded 

II OBSERVATIONS RELATING TO PATIENTS EXHIBITING 
AURICULAR FIBRILLATION 

The notion is current that the action of digitalis is not the same when 
auricular fibrillation is present as it is ^^hen regular sinus rhythm is 



Fig 3 (case 5) — The effect of digitalis on the cardiac output, cardiac size and 
circulation time of E P , representing group 2 

present Oui earlier observations ^ indicated that the action of the drug 
IS similar under these two conditions Our present observations were 
designed to 3 ueld additional data on this subject 

Observations were made on 5 patients exhibiting auricular fibrilla- 
tion who satisfied the following criteria (a) They suffered from 
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Fig 4 (case 5) — The change in the size of the heart A was taken (Nov 8, 
1934) before and B (November 10) twenty-four hours after digitalis was given 
In C the outlines of the heart traced from A and B are superimposed 



Fig 5 (case 8) — The effect of digitalis on the cardiac output, cardiac size, 
venous pressure and circulation time of R L , representing gi oup 3 
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organic heart disease, and {h) they did not exhibit signs of congestive 
heart failure at the time these observations weie made To each was 
given within twenty-four hours the same amount of digitalis (1 7 to 1 8 
Gm ) from the same batch as that given to the groups of patients with 
normal sinus ihythm as well as to those suffering from congestive heart 
failure The plan of the observations was similar to that ah eady 
outlined in the section on methods 

Obseivations — Befoie digitalis was given the cardiac output of all 
the patients was less than the calculated normal output (table 2) In 3 
cases (cases 18 to 20) the giving of digitalis in the manner described 



/ c 

Fig 6 (case 8) — Roentgenograms of R L A was taken (April 6, 1935) before 
and B (April 8) twenty-four hours after digitalis was given In C the outlines 
of the heart traced from A and B are superimposed 

resulted in twenty-four hours in an increase in cardiac output per minute 
and per beat (table 2) and a decrease m the size of the heart The 
circulation time was shortened m 1 case in which it was measured (case 
20) No change in the venous pressure occurred in the 1 case m 
which it was recorded (case 18) In 2 other cases (cases 21 and 22, 
table 2) twenty-four hours after the drug was given the cardiac size was 
unchanged, and the cardiac output was unchanged, but the cardiac output 
per beat was increased No significant changes m circulation time and 
venous pressure occurred 
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COMMENT 

The administration of digitalis in the same amounts to 13 patients 
with rheumatic heart disease foi whom approximately the same func- 
tional classification could be made (group I or gioup II A) and the 
making of observations at the same time with lespect to the giving of 
the drug show'^ed an increase in output in certain cases, a decrease m 
others and no change in still others We should be at a loss to account 
for these differences did we not have data relating to cardiac si/e, cii di- 
lation time and venous pressure One lesult of the action of digitalis 
appealed to be common to two gioups, namely, a decrease m cardiac 
size, when the cardiac size deci eased, the caidiac output altered, w'hen 
the cardiac size remained unchanged, the cardiac output likew ise remained 
unchanged Furthermore, a decrease in cardiac size in certain instances 
was associated wnth a decrease in cardiac output and in others wnth an 
increase in cardiac output Most of the patients show'ing a decrease in 
cardiac output showed slowing of the cii dilation time, just as most of 
those having an increase in cardiac output show'ed shortening of the 
ciiculation time, in short, acceleration of the blood flow It is recalled 
that a decrease in cardiac output and in caidiac size has been obseived 
(Stewart and Cohn) m normal human beings,^ in normal dogs® and in 
dogs having large hearts ^ when digitalis has been given Moreovei , an 
increase in cardiac output and a decrease m cardiac size have been 
observed ^ and furthei confirmed by us (Stew'art, Deitrick, Crane, and 
Wheeler) m patients suffeiing from congestive heart failure The effect 
of the size of the heart under the influence of digitalis on the volume of 
blood pumped by it is given added significance by the observation that 
when the cardiac size was unaltered the cardiac output w'as also 
unchanged The effects, an increase or decrease in output, became 
less as the drug was excreted, or they remained appi oximately the same 
if its use was continued Moreover, the few observations relating to 
other etiologic types indicates that the effects which have been described 
are not confined to cases of rheumatic heart disease The effect on 
cardiac size appears at times to outweigh an effect on conti action wdnch 
has been demonstrated in man and in dogs (Cohn and Stewart’®) 
Though the extent of ventricular contraction might be increased the 
decrease in size was sufficient in some instances to make the output 
smaller 

These observations strengthen our notion that in normal persons as 
w^ell as in the patients with cardiac disease now described, a decrease in 
cardiac output is a consequence of the fact that the heart has been made 

18 Cohn, A E, and Stewart, H J Evidence That Digitalis Influences Con- 
traction of the Heart in Man, J Clin Investigation 1 97 (Oct) 1924, footnotes 
3 and 4 
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smaller b} an action of the drug on it It does not seem possible to 
attribute the decrease in output in these instances in man to diminished 
venous filling, a consequence of constriction of the hepatic veins (Dock 
and Tainter , in the first place, a fall m venous pressure did not occur , 
in the second place, the decrease in venous pressure which Dock and 
Tainter observed m dogs was transient, a matter of minutes (under 
thirty minutes m most instances), but the effects we observed on size and 
output were present for a matter of days, m the third place, we were 
unable to observe a change in the size of the liver It may be recalled 
that Tainter and Dock^®*’ showed that giving digitalis to dogs results, 
by Its action on the hepatic veins, in an increase m the volume of the 
liver The output of blood from the heart of 1 of our patients (case 4, 
table 1) decreased from 3 77 liters per minute to 2 98 liters per minute, 
twenty-four hours after 1 8 Gm of digitalis was given, m short, a 
falling off of one quarter of its minute volume Nevertheless, the size 
of the liver m roentgenograms did not increase When congestive 
heart failure supervened, two years later, the liver became swollen and 
tender, indicating that it was capable of distention In none of these 
patients showing a decrease in output was there clinical evidence of 
enlargement of the liver after digitalization Finally, m the fourth 
place, we may emphasize the argument made m an earlier paper (Stewart 
and Cohn ’■) that constriction of the hepatic veins m man, even though 
their lumens were reduced to zero, would be insufficient to account for 
the magnitude of decrease m cardiac output which we have recorded 
If digitalis makes the heart a smaller pump and if it pumps a 
smaller amount of blood, the issue might be raised that the venous 
pressure should become elevated, m short, that the resulting situation 
would resemble the defect exhibited in chronic constrictive pericarditis 
In the case of the latter, our owm observations,-® as well as those of 
Burwell and his associates,^^ have shown interference not only with 
filling of the heart, since the heart in diastole is unable to stretch the 

19 (a) Dock, W, and Tainter, M L Circulatory Changes After Full 
Therapeutic Doses of Digitalis, with a Critical Discussion of Views on Cardiac 
Output, J Clin Investigation 8 467 (April) 1930 (b) Tainter, M L, and 
Dock, W Further Observations on the Circulatory Actions of Digitalis and 
Strophanthus, with Special Reference to the Liver, and Comparisons with 
Histamine and Epinephrine, ibid 8.485 (June) 1930 

20 Stewart, H J , and Heuer, G J Measurements of the Circulation in 
Constrictive Pericarditis Before and After Resection of the Pericardium, Tr A 
Am Physicians 52*342, 1937 

21 Burwell, C S , and Strayhorn, W D Concretio Cordis I A Clinical 
Study with Observations on the Venous Pressure and Cardiac Output, Arch Surg 
24 106 (Jan ) 1932 Burwell, C S , and Fhckinger, D Obstructing Pericarditis 
Effect of Resection of the Pericardium on the Circulation of a Patient with 
Concretio Cordis, Arch Int Med 56 250 (Aug) 1935 
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fibrous sac, but also with emptying, since the heart cannot contract ade- 
quately That filling of the digitalized heart is not compromised and 
that it leceives all the blood presented to it is shown by the absence of a 
rise in venous pressure In man piling up of blood on the venous side 
has not been obseived as a consequence of giving digitalis What the 
distribution of the volume of circulating blood may be is not known 

In this connection there remains to be considered the data reported by 
Rytand He observed the effect of digitalis on the venous pressure of 
human beings and came to the conclusion that a deciease in caidiac 
output was a consequence of a fall m venous pressure In the first 
place, not only weie the changes which he observed m venous pressure 
sometimes above and sometimes below the initial level in the same patient, 
but they were of small magnitude They do not appear to us to be 
significant, for we have observed changes gieatei than these in the 
venous pressure from day to day in a noi mal person without medication 
under basal conditions Even though a decrease had been a con- 
sistent finding, the slight change which he observed does not appear to 
be of sufficient magnitude to account foi the marked change in caidiac 
output and in size which we have found In the second place, since he 
did not make observations on the cardiac output of his subjects, it is not 
possible to say what changes in cardiac output, if any, occurred More- 
over, no obseivations were made of any other functions, such as those 
shown in electrocardiograms, by which to establish objectively one 
effect of digitalis with which to coi relate the alteration in venous pies- 
sure And, finally, he has treated data from oui obseivations ^ in a 
fashion which is open to question He plotted our figuies for caidiac 
output against his figures for venous pressure and concluded that the 
decrease in cardiac output was due to a fall in venous pressure How- 
ever, examination of our charts m which the raw data weie plotted^ 
showed that in not a single case Avas parallelism revealed between the 
decrease in cardiac output and caidiac size, on the one hand, and the 
decrease in venous piessure, on the other Obviously a i elation which 
was not revealed m a single one of oui cases cannot seive as a basis for 
arriving at the generalization he has made 

There appears to be no reason foi changing oui oiiginal view that 
the decrease in cardiac output Avhich we obseived was associated with a 
decrease in the size of the heart Indeed, the data now recoided 
strengthen it 

22 Rytand, D A The Effect of Digitalis on the Venous Pressure of Normal 
Individuals, J Clin Investigation 12 847 (Sept) 1933 

23 Stewart, H J , and Watson, R F Studies of the Circulation in Athletes, 
to be published 



STEWART ET AL— DIGITALIS IN HEART DISEASE 563 


The effect of digitalis on the work of the left ventiicle pei beat was 
calculated The opinion has been expressed (Stewart and Cohn that 
the explanation of the increase m cardiac output with the decrease in 
cardiac size as a consequence of the giving of digitalis is to be found in 
Starling’s ‘daw of the heait” Starr and his associates-^ have pre- 
sented since then data indicating that this “law” applies to basal cardiac 
work in human beings as well as to that in the heart-lung piepaiation, 
since they found that the work of the left ventricle ^^hlch is maintaining 
an adequate circulation bears a linear relation to the size of the heait 
From their data they have defined a zone of normal circulatory function 
In a manner similar to theirs we have plotted cardiac volumes as abscissas 
and giani meteis of woik of the left ventricle per beat as ordinates 
(table 1 and figs 7 and 8) The values foi only 5 of the 17 patients 
with normal ihythm fell outside the zone of normal circulatory function, 
below line CD, m an area indicating that the woik of the heait was not 
commensuiate with its size When these 5 were given digitalis, not all 
could be assigned to a single group (groups 1, 2 or 3), as might have 
been expected, but some belonged to each of the thiee gioups indicated 
A distinction so fai as response to digitalis was concerned could not be 
made on this basis In all the 5 cases mentioned, digitalis raised the 
values appreciably closei to or into the zone of normal circulatory func- 
tion, whether the cardiac output was increased, decreased or unchanged 
by the drug Moieover, in none of the 17 cases was the cardiac efficiency 
with the patient at rest diminished by the giving of digitalis, but the 
values moved closer to the best line of regression, AB Though 
there were the three results with respect to cardiac output per minute, it 
appears that there is a common underlying effect of the drug m all these 
cases , namely, the work of the heart per beat was brought in all instances 
moie m line with the woik expected of it for its volume Basis is 
theieby afi;orded Christian’s recommendation of giving digitalis to 
patients exhibiting organic valvular disease befoie the occurrence of 
congestive heart failure ' A decision as to whethei or not digitalis is of 
“benefit” in the long run in such cases will depend on clinical observa- 
tions regal ding the life span and the state of well-being of a laige series 
of patients during treatment as compared with observations on a group of 
untreated patients to whom the drug is not administered until congestive 
heait failure supeivenes After the giving of digitalis the visible and 

24 Starling, E H The Linacre Lecture on the Law of the Heart, Given at 
Cambridge, 1915, London, Longmans, Green & Co , 1918 

25 Starr I , Jr , Donal, J S , Margolies, A , Shaw, R , Collins, L H , and 
Gamble, C J Studies of the Heart and Circulation m Disease Estimations of 
Basal Cardiac Output, Metabolism, Heart Size, and Blood Pressure in Two 
Hundred and Thirtv-Fue Subjects J Clin Iin estigation 13 561 (Julv) 1934 
Starr, Collins and Wood 
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Fig 7 — The work of the left ventricle per beat and the cardiac ^oluIne The 
data from table 1 relating to the work of the left ventricle per beat in rheumatic 
heart disease particularly (cases 1 to 3 and 5 to 13) are plotted against the cor- 
responding cardiac volumes Line AB represents the best line, “the regression of 
the work on the area,” defined by Starr, Collins and Wood (and illustrated m 
their figure 2) on the basis of a statistical treatment of data for a control group 
of patients Lines CD and EF were placed by these authors at a distance of twice 
the standard deviation from AB It appears from their observations that a patient 
whose values fall within zone CD-EF has a normal circulatory function, that is 
to say, the work of the heart is commensurate with its size, on the other hand, 
they found that the values relating to patients who had suffered from cardiac 
decompensation fell in a zone below CD In our series, the values for all the 
patients except 1 (case 5, the data relating to case 4 were not plotted) fell in the 
zone representing normal circulatory function The triangles represent patients 
whose cardiac output decreased (group 1) , the squares, those whose output increased 
(group 2), and the circles, those whose output did not change (group 3) after 
the giving of digitalis In this figure as well as in figures 8 and 9 open symbols 
indicate “before” and closed ones “after” the giving of digitalis Arrows point 
from the first observations to those made later All the observations made after 
digitalis was given are recorded by solid symbols, whether the use of the drug was 
continued after the digitalizing amount or not, since the amount of exertion could 
not be ascertained The values for C W (case 4) were not plotted on the chart 
because they fell so far below line CD and to the right that it did not seem worth 
while to increase the dimensions of the chart in order to include him In all 
instances the giving of digitalis made the values for the patient take up a more 
advantageous position on the chart 
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the palpable apex thrust became more forceful, and on auscultation the 
heart appeared to be contracting more forcefully and emptying more 
completely 

In the group of patients with auricular fibrillation the woik of the 
left ventricle of the heart per beat was increased also in each instance by 
the giving of digitalis, so that the work came more nearly in line with 
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Fig 8 — In this figure the work of the left ventricle per beat is plotted against 
the cardiac volume m cases 14 to 17 , all the values fell in the zone of normal circu- 
latory function, nevertheless, the giving of digitalis raised each to a more advan- 
tageous position 


that expected of the heait foi its size The values for 3 patients (cases 
20 to 22) m this group moved up into the zone of normal circulatory 
function, CD-EF, during rest (fig 9), and those for 2 others (cases 
18 and 19) moved nearer the best line, AB 

We have seen that the results of giving digitalis to patients suffering 
fiom compensated heart disease are not predictable, for in some cases 
the heart beha^ed like a normal heart, a decrease in the size of the 
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pump being associated with a decrease in the output, and in other cases 
it behaved like the dilated heart of a patient suffering fiom heait failure, 
lestoration of the cardiac size to a moie optimal level lesulting m an 
increase in output^ The functional state of the heait in these cases 
could not be distinguished clinically Moieover, there weie no similar 
features foi each gioup so far as concerned the level of caidiac output, 
cardiac size or circulation time befoie digitalis was given, which made 
them fall latei into these gi oups , nor did they fall together with i espect 
to the woik of the heart Group 3 is puzzling, for it may be lecalled 



D= ” ” ■= ” " Artirioscferotic 

Fig 9 — In this figure the work of the left ventricle per beat is plotted against 
the cardiac volume in cases 18 to 22, cases in which there was auricular fibrillation , 
after digitalis was given the values for 3 moved up into the zone of normal 
circulatory function, and those for the other 2 moved closer to the line CD 

that giving digitalis to these patients did not altei the caidiac output pei 
minute, nor did it alter the cardiac size, cii dilation tune oi venous 
pressure Nevertheless, a digitalis effect was piesent foi the T vave of 
the electrocardiogram showed chaiacteiistic changes-® Vaiious factors 

26 Cattell, McK , and Gold, H The Influence of Digitalis Glucosides on the 
Forces of Contraction of the Mammalian Cardiac Muscle, J Pharmacol & Evper 
Therap 62 116 (Jan) 1938 
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about which we have no data must have neutralized each other so that a 
change in size and output did not occur This group 3 exhibited in a 
fashion similar to that exhibited by the other two increase m the work 
of the heart per beat Although the observations were confined largely 
to subjects with rheumatic heart disease, the few observations made on 
subjects with other etiologic types of heart disease showed that the 
phenomena described are not confined to the category of rheumatic 
heart disease 

Furthermore, observations on the patients exhibiting auricular fibril- 
lation showed that the effect of the action of digitalis on them was 
not different from the effect on those exhibiting a normal sinus mechan- 
ism Those having an increase in output after digitalization were 
found to show a decrease in the size of the heart, and those having no 
change in output showed no significant change in the size of the heart, 
obseivations which parallel those made for patients with normal sinus 
ihythm Once again it is demonstrated that the effect on the size of 
the heart is pertinent Though the cardiac output per minute m 2 cases 
uas unchanged, the output per beat was increased, owing in pait to 
slowing of the heart rate and in part probably to an increase in ventncu- 
lai contraction “ As we have already pointed out, the phenomenon 
common to all groups — whether the output was increased, decreased or 
unchanged and whether the rhythm was regular or that of auriculai 
fibrillation — was that the work of the heart per beat was made commen- 
surate (or more nearly so) with its size 

The bearing on this subject of the recent observations of Cattell and 
Gold relating to the effect of digitalis on systolic tension is dis- 
cussed 111 our paper dealing with uncompensated heart disease 

SUMMARY 

We gave 1 6 to 1 8 Gm of digitalis within twenty-foui houis to 13 
patients suffering from rheumatic heart disease and to 4 others with 
arteriosclerotic, hypertensive or syphilitic heart disease In all cases 
there was compensation, and a normal sinus mechanism w^as exhibited 
In addition to clinical studies of these patients, special observations were 
made of the cardiac output, cardiac size, circulation time and venous 
pressure In all cases the T wave and the R-T segment of the electro- 
cardiogram showed the changes characteristic of a digitalis effect It 
was found that 7 patients showed a decrease in cardiac output and a 
decrease in cardiac size, 4 patients showed an increase in cardiac output 
and a decrease m cardiac size and 6 patients showed no change m cardiac 
output and in cardiac size In short, in some instances when the heart 
w as made smaller, the cardiac output increased, and in others it decreased 
In the former cases the heart behaved like a failing heart (part II of 
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our previous study and in the latter cases like a normal one (part I 
of our previous study We were unable to predict beforehand which 
effect would be produced 

The results m 5 patients exhibiting auricular fibrillation weie not 
different from those encountered m those with normal sinus rh}dhm — a 
decrease in cardiac size was associated with a decrease in cai diac output, 
and an unchanged cardiac size was associated with an unchanged cardiac 
output 

Digitalis has four effects on the heart which may be recorded clin- 
ically (1) an effect on contraction,^® namely, an increase, (2) an effect 
on size (Stewart and Cohn and observations in this paper), namely, a 
decrease, (3) an effect on the cardiac rate, namely, a decrease,^ and 
(4) an effect on the electrocardiogram,-® indicating an effect on the 
cardiac muscle The cardiac output which results is different, depending 
on the individual heart, that is to say, whether it is dilated or not 

A few obseivations on patients with heart disease due to other etio- 
logic factors showed that these phenomena are not confined to those 
with rheumatic involvement 

There is one phenomenon which is common to all groups The 
giving of digitalis increases the work accomplished by the heart per 
beat, whether its action is to increase or to decrease the output or to 
leave it unaltered and whether the rhythm is regular or that of auricular 
fibrillation As a consequence, work becomes more nearly appropriate 
for the size of the organ Some basis is afforded Christian’s suggestion 
of giving digitalis to the patient suffering from organic heart disease 
even though he shows no significant failure 

These studies yield additional evidence that a decrease in cardiac 
output which follows the giving of digitalis to human beings (normal 
and those having organic heart disease without congestive heart failure) 
IS not a consequence of diminished venous return but a consequence, so 
far as we can now ascertain, of a decrease in the size of the heart due to 
the action of digitalis on it 

27 Stewart and Cohn ^ Cohn and Stewart ®>^ 

28 Stewart, H J , and Watson, R F The Effect of Digitalis on the Form 
of the Human Electrocardiogram, with Special Reference to Changes Occurring 
in the Chest Lead, Am Heart J , to be published 
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It has been demonstrated as a fact that digitalis decreases the cardiac 
output (Stewart and Cohn ^ and Burwell, Neighbors and Regen 2) and 
the cardiac size in normal human beings (Stewart and Cohn It 
was found (Stewart and Cohn that the cardiac output was diminished 
and the heart dilated in the presence of congestive heart failure and 
that the administration of digitalis in these instances increased the cardiac 
output and decreased the cardiac size We (Stewart, Crane, Deitnck 
and Thompson have recently published data relating to patients suffer- 
ing from organic heart disease, without congestive heart failure, with 
normal rhythm In certain of these cases the behavior of the heart was 
normal , in others the behavior was like that of a failing heart In addi- 
tion, we ® have shown in these later observations that digitalis increased 
the work of the heart per beat Moreover, the action of the drug 
was the same whether the rhythm was that of a normal sinus mechanism 
or of auricular fibrillation ^ 

In rounding out our study of the action of digitalis we wished to 
investigate further its action m the presence of congestive heart failure 
when a normal sinus mechanism was exhibited as well as when aunculai 

From the New York Hospital and the Department of Medicine, Cornell 
University Medical College 

An abstract of these studies was presented before the American Heart 
Association, Kansas City, Kan, May 12, 1936 

1 Stewart, H J , and Cohn, A E III Studies on the Effect of the Action 
of Digitalis on the Output of Blood from the Heart, J Clin Investigation 11*917 
(Sept) 1932 

2 Burwell, C S , Neighbors, DeW , and Regen, E M The Effect of Digi- 
talis upon tlie Output of the Heart in Normal Man, J Clin Investigation 5 125 
(Dec) 1927 

0 Stewart, H J , Crane, N F , Deitnck, J E , and Thompson, W P 
Action of Digitalis in Compensated Heart Disease, Arch Int Med, this 
p 547 
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fibrillation was present, since there are still differences of opinion as to 
the action of the drug in the presence of a failing heart These data 
form the basis of this paper 

I OBSERVATIONS ON PATIENTS EXHIBITING NORMAL SINUS RHYTHM 

Plan of Ohse'ivations — In order to make oui observation comparable 
not only within this group but also with respect to the observations on the 
other groups studied,^ we maintained the following uniform conditions 

(o) All the patients were at rest in bed during the period of these observations , 
(&) all observ'ations were made in the morning while the patients were in a basal 
metabolic state, (c) all the patients exhibited a regular sinus mechanism, (d) all 
the patients were given the same amount of the drug,^ namely, 1 7 to 1 8 Gm , within 
twent 3 f-four hours, distributed in the same fashion, the digitalis i\as of the same 
“batch” as that used in the former observations, ® (r) studies were made the daj 
before and again twent 3 ’^-four hours after the giving of digitalis and then again at 
varying intervals later We adhered to making obser%ations twent 3 -four hours 
after giving the drug because our obserrations have shown that the early effects of 
digitalis are important In those instances in which the use of digitalis was con- 
tinued, the obsenations w'ere made as usual in the morning, and the maintenance 
dose of the drug was given later in the da 3 All the patients were given the diet 
prepared for patients in the wards, containing 2 Gm of salt The intake of fluid 
was fixed The methods and order of making obsenations were recorded in our 
first paper 3 In the technic of rebreathing for estimation of the arteriov'enous 
oxygen difference, the amount of gas m the “rebreathing bag” was adjusted to the 
amount which, as had been found by trial beforehand, the patient could take 
completely 

O'bsmvatwns — Observations were made on 11 patients In 6 of 
these cases the etiologic diagnosis was hypei tension (cases 1 to 6, inclu- 
sive), m 2 rheumatic fever (cases 7 and 8), in 1 syphilis (case 9), in 1 
arteriosclerosis (case 10) and in 1 tubeiculosis, gnmg rise to chronic 
constiictive peiicarditis (case 11) All the patients exhibited signs and 
symptoms of congestive heart failuie 

The case of A F (case 1) illustiates the effect of giving digatihs 
in the presence of congestive heart failuie as a consequence of h 3 fpei- 
tension Duiing failure the cardiac output 3vas diminished, the heart 
large, the circulation time piolonged and the venous piessuie elevated 
(table 1) The patient was so ill that treatment with digitalis Avas 
started immediately aftei these obseivations ivere recorded, and digitali- 
zation was continued into the following day , he received the digitalizing 
amount, 1 8 Gm in twenty-foui hours, and the maintenance amount for 
the second day The administration of 2 1 Gm of digitalis m thirty-six 
houis resulted m an increase in the caidiac output per minute (table 1 
and fig 1) and per beat, a deciease m the caidiac size, a shoitening of 
the ciiculation time, a lowering of the venous piessure and an increase in 


4 See the tables for exceptions 



STEWART ET AL— DIGITALIS IN HEART DISEASE 571 


vital capacity With the continued use of digitalis these relations ^^ere 
maintained, the heait, however, becoming still smaller The patient’s 
condition improved, and he became free from the signs and s3mptonis 
of heart failure 

The data for a second patient (E R ) in this gioup (case 4, table 1) 
illustrate the effect of the diug in the presence of paroxysmal nocturnal 
dyspnea The patient was being given 3 Gm of theobromine with 
sodium salicylate daily, and this was kept constant during the period of 
the observations The giving of 1 8 Gm of digitalis to this patient 
resulted in twenty-four hours in an increase in caidiac output (fig 2), a 
decrease in cardiac size (figs 2 and 3), a shortening of the circulation 
time and no significant change in the venous pressuie, which was not 
elevated The patient began sleeping better at once 

The data for S S (case 7) illustiate the effect of giving digitalis in 
the presence of rheumatic heart disease (table 1) After 1 7 Gm of 
the drug was given, the cardiac output increased (table 1 and fig 4), the 
cardiac size decreased (figs 4 and 5), the circulation time decreased 
and the venous pressure fell The patient became fiee fiom the signs 
and symptoms of congestive heait failure 
The data for J K (case 9) illustrate the effect of giving digitalis in 
the presence of syphilitic heart disease (table 1) The administration 
of 1 8 Gm of the drug in twenty-four hours resulted m an increase in 
cardiac output, a decrease in cardiac size, a shortening of the circulation 
time and a fall in the venous pressure (fig 6) 

The case of C K (case 10) illustrates the effect of giving digitalis 
in the presence of arteiio sclerotic heart disease (table 1) The patient 
was under the influence of digitalis when the first obseivations were 
made, on Oct 25, 1935 (fig 7) The use of digitalis was discontinued, 
and m the next sixteen days signs of congestive heart failure recurred 
and the patient gained weight At this time, on November 13, the heart 
had dilated from 155 3 to 176 2 sq cm , the cardiac output had decreased 
from 3 13 to 2 38 liters per minute, the circulation time had increased 
from twenty-two and seven tenths to thirty seconds and the venous 
pressure had iisen from 9 4 to 19 cm On November 14, 1 8 Gm of 
digitalis was given On November 15 the cardiac output had increased 
to 2 8 liters per minute, the size of the heart had decreased to 164 3 
sq cm , the circulation time had fallen to twenty and eight-tenths seconds 
and the venous pressure had fallen to 11 4 cm There were diuresis 
and a loss of weight 

The effect of the drug after the resection of part of the pericardium 
of a patient suffering from chronic constrictive pericarditis is shown m 
case 11 (table 1) This patient, also, showed an increase in cardiac 
output and a fall m venoUs pressure The cardiac area was not mea- 
sured, because of the presence of fluid m the right pleural cavity 



Table 1 — Data Relating to the Effect of Digitalis in Eleven Cases 


Case Age Se\ Date 


Oxygen Arterio 
Con ^ enous 

sump Oxj gen 

Body tion. Differ 

Surface, Ce per ence, 
Sq M Min Cc 


Cardiac 
Cardiac Output, 

Output, ly per Cardiac 
Jj per Sq M Area, 
Min per Min Sq Cm 


Circu 

Cardiac Arterial lation 

Volume, Pressure, Time, 

Cc * * * § Mm Hg Sec 


Hypertensi\e Heart Disease 


1 

3S 

M 

1/ 4/36 

1 62 

286 

110 9 

238 

1 59 

107 2 

1,970 

211/145 

22 3 

A P 



1/4 5 36 

1/ 6/36 

1 57 

249 

66 6 

3 74 

2 38 

147 0 

1,034 

1,466 

204/108 

15 3 




1/ 8/36 

1 54 

205 

68 9 

3 00 

193 

137 3 

192/132 

16 4 




1/15/36 

1 55 

203 

596 

3 41 

2 20 

123 3 

1,326 

203/128 

12 5 

2 

GS 

M 

1/21/36 

1/22/36 

1/23/36 

183 

274 

117 6 

2 33 

1 27 

172 3 

2,039 

170/ 94 

259 

M R 



1 82 

273 

83 0 

3 29 

1 80 

137 9 

1,803 

174/108 

214 




1/29/36 

179 

207 

63 0 

3 04 

1 70 

150 8 

1,683 

170/ 80 

19 2 

3 

13 

M 

11/23/35 

1 71 

280 

98 3 

2 83 

1 66 

218 2 

2,933 

153/110 

351 

M H 



11/24/35 

11/25/35 

11/27/35 

170 

241 

79 7 

3 03 

1 80 

196 8 

2,513 

162/110 

261 




1 70 

210 

710 

3 00 

180 

197 7 

2,532 

160/102 

306 




12/ 3/35 
12/11/35 

168 

230 

08 9 

3 34 

2 00 

196 0 

2,500 

148/ 98 

291 




1 69 

220 

709 

310 

184 

190 7 

2,512 

143/ 95 

290 

4 

44 

M 

5/11/35 

178 

205 

77 9 

3 40 

191 

212 3 

2,822 

130/103 

30 0 

E R 



5/12/35 

5/13/35 

177 

251 

666 

3 80 

2 15 

184 2 

2,280 

166/110 

230 




5/15/35 

177 

232 

65 3 

360 

200 

178 4 

2,172 

158/110 

26 2 

5 

51 

M 

3/ 5/36 

200 

203 

81 4 

3 23 

162 

234 2 

3,263 

160/110 

500 

P G 



3/ 6/36 

3/ 7/36 

1 99 

263 

72 8 

3 61 

1 82 

215 0 

2,875 

190/ 94 

42 0 




3/ 9/36 

194 

265 

73 4 

3 61 

1 SO 

207 1 

2,717 

160/108 

46 4 

6 

64 

M 

2/29/36 

177 

249 

82 8 

3 01 

170 

141 1 

1,526 

200/114 

15 8 

L B 



2/29 3/ 1/36 








212/108 

160 




3/ 2/36 

176 

218 

637 

3 42 

194 

133 6 

1,433 




3/ 6/36 

173 

216 

59 2 

365 

211 

125 9 

1,287 

212/100 

16 4 






Rheumatic Heart Disease 






7 

32 

M 

2/19/36 

173 

245 

115 3 

213 

123 

215 6 

2,882 

114/ 76 

42 6 

S S 



2/20/36 

2/22/36 

171 

238 

781 

3 05 

180 

193 0 

2,441 

113/ 64 

314 




2/24/36 

168 

236 

74 3 

3 20 

1 90 

172 9 

2,070 

103/ 58 

317 

8 

32 

P 

4/28/36 

148 

207 

106 3 

1 95 

1 32 

194 2 

2,448 

110/ 80 

27 0 

W B 



4129136 

4/30/36 

148 

201 

85 2 

2 30 

1 59 

170 0 

2,020 

122/ 80 

23 4 




5/ 2/36 

1 46 

205 

840 

2 44 

167 

175 4 

2,118 

116/ 72 

27 0 




5/ 7/36 

139 

166 

82 3 

202 

1 60 

183 4 

2,260 

98/ 65 

24 0 






Sjphilitic Heart Disease 






9 

55 

M 

4/15/36 

165 

220 

107 5 

2 05 

126 

204 5 

2,680 

156/ 40 

25 8 

J K 



4/16/36 








22 0 




4/17/36 

1 64 

220 

80 9 

2 72 

166 

175 9 

2,107 

136/ 40 






Arteriosclerotic Heart Disease 





10 

48 

M 

10/25/35 

1 65 

218 

69 6 

313 

202 

155 3 

1,772 

106/ 74 

227 

C K 



11/13/35 

169 

212 

889 

2 38 

150 

176 2 

2,133 

97/ 78 

30 0 




11/14/35 







• 

• ••« 




11/16/35 

1 68 

212 

74 4 

2 85 

1 80 

164 3 

1,905 

116/ 60 

20 8 




11/18/35 

157 

207 

72 8 

2 84 

1 81 

160 4 

1,833 

106/ 58 

30 4 




11/21/35 

153 

209 

73 9 

2 83 

185 

1721 

2,060 

104/ 80 

280 


Chronic Constrictive Pericarditis after Pericardial Resection (Jan 28, 193G) 


11 

30 

P 

2/13/36 

1 44 

186 

85 0 

219 

152 

100/ 75 

10 9 

A R 



2/14/36 










2/15/36 

1 42 

184 

667 

2 76 

1 94 

Could not be measured 96/ 64 

10 2 




2/18/36 

1 44 

184 

73 3 

2 65 

184 

(fluid in chest) 105/ 75 

99 


* The volumes have not been multiplied by the constant Included in Bardeen’s formula, ns stated in text 

t + and 0 indicate, in this table as well as in table 2, that diuresis did or did not take place 

§ In this table, as -well as In table 2, Hjpt indicates hypertension, Enl Ht , enlarged heart Artscl , artenosclerosis, 
R I V HB, nght intraventricular heart block, Rheu fever, rheumatic fever, M S , M I and A I , mitral stenosis, mitral 
insufficiency and aortic insufficiency, respectively, Tbc , tuberculosis The diagnoses in this paper conform to those 
recommended by the New Tork Tuberculosis and Health Association 

§ In this table as well as in table 2, 0 indicates not present, +, present, J., decreasing, t, increasing ±, 
doubtful 



Venous 

Pres 

sure, 

Cm 


% itnl 
Capacitv, 
Cc 


V orlv of 
Left 

Car Car- Ten 

diac diac tricle, 

Bate, Output, Gm M 

per Cc per per 
Min Beat Beat 


Signs of Failurel 


Digi 

tails, 

Gm 


Bed 
Blood 
Cell Count 

^ and 

Fluid Hemo- 
in globin 


Diuresist DiagnosisJ nosis Liver Bales Edema nea Chest Valueft 


21 0 

1,400 

91 

29 

70 

6 C 

1,900 

76 

49 

94 

7 8 

2,100 

76 

40 

88 

8 5 

2 450 

70 

49 

111 

213 

1,600 

120 

20 

36 

13 8 

2,300 

94 

35 

67 

79 

2,800 

60 

50 

85 

10 7 

1,900 

82 

35 

63 

7 2 

2,300 

64 

47 

87 

7 6 

2,600 

68 

44 

78 

64 

2,850 

64 

52 

87 

70 

2,950 

60 

52 

86 

84 

3,400 

9S 

35 

61 

69 

3,750 

80 

48 

90 

7 9 

3,900 

SO 

45 

82 

21 5 

2,700 

63 

47 

86 

12 3 

2,800 

66 

55 

106 

13 3 

2,900 

53 

62 

113 

18 6 

1,300 

100 

30 

66 

43 

1,800 

74 

.46 

100 

5 0 

1,900 

66 

55 

116 


H^pertensl\e Heart Disease 



_ 

Hvpt , 

0 

21 


Enl Ht 


0 2 q d ii 



0 

0 2 q d 



0 

0 2 q d 



0 


0 

Artsel , 


1 5# 


Enl Ht . 




Hypt 

4- 

01 qd 



0 


Slight 

Artsel , 

+ 

18 


Hypt , 


0 2 q d 


Enl Ht , 

i 

02qd 


B-I-V HB 

0 

0 2 q d 



0 

0 2 q d 



0 


0 ’ 

Hypt 

-b 

1 8ii 


Enl Ht 


0 2 on 



0 

May 14 



0 


-f 

Hypt , 

-1- 

1 8 


Enl Ht 





4. 

> 


Lost 

Artsel , 

J- 

22 

weight 

Hypt . 


0 2 q d 


Enl Ht 

l 

02 q d 



0 


4, 0 

' 0 
± 0 

+ + 

-4- 4- 

0 0 

-f -i- 

4. i 

> 

4. 0 

' 0 

0 -1- 

0 0 

0 0 


4. 

4. 

- 1 - 

±_ 

0 


0-^0 

0 0 0 

0 U 0 

0 0 0 

+ - 0 

0 ± 0 

0 0 0 

0 -f T 

0 0 4 . 

0 0 ± 

0 0 0 

0 0 0 

0 -f 0 

0 0 0 

0 0 0 

_ A. 0 

4 - 4 . 0 

0 ± 0 

+ - I - 0 

-4- 4 0 

0 ± 0 


39 

82 


4 1 
92 


40 

94 


49 

90 


57 

104 


4 5 
SO 


Bheuniatic Heart Disease 


181 

3,200 

70 

so 

39 

1 7 

+ 

Eheu fever, + 
MS , 

+ 

-i- 

0 

97 

3,400 

54 

56 

69 

02qd 


MI , 0 

i 

0 

0 

5 8 

3,450 

58 

55 

61 

0 2 q d 


Enl Ht 0 

9 

0 

0 

no 

1,500 

SO 

24 

31 

1.8 

Lost 

weight 

Eheu fever, + 
MS , 


J- 

+ 

110 

1,500 

SO 

30 

41 

0 2 q d 


MI , 4- 

4- 

4- 

4- 

11 2 

1,500 

72 

34 

46 

02 q d 


Enl Ht n 

9 

1 

4. 

53 

2,100 

48 

42 

47 

0 2 q d 


0 

0 

0 

0 


Sjphilitic Heart Disease 


18 3 

1,500 

93 

21 

28 

1 8 

Slight Syphilis 
AI, 

+ 

-f 

T 

4- 

10 3 

1,100 

116 

23 

31 


Enl Ht 

± 

-U 

“T 

-I- 



49 

100 


103 


4 9 


Arteriosclerotic Heart Disease 


94 

2,900 

112 

28 

34 

-r»» 

-1- 

Artsel 

4- 

+ 

0 

0 

0 

0 

4 5 

190 

2,300 

114 

21 

25 

1 8 


Enl Ht 

-1- 

t 

0 

J- 

-h 

0 

74 

11 4 

2,250 

100 

29 

34 




0 

0 

0 

0 

0 

0 


8 7 

2,800 

100 

28 

32 

0 2 q d 



0 

4- 

0 

0 

0 

0 


94 

3 030 

96 

30 

37 



0 

4- 

0 

0 

0 

0 



Chronic Constricts e Pericarditis after Pencardial Eesection (Ian 2S 191G) 


27 8 

1,000 

110 

20 

24 


-9 The , chronic 

■± 

4- 

a. 

0 

0 


22 7 

900 




1.8 

constnetive 







96 

29 

32 


pencarditis 

0 

a- 

4“ 

0 

0 


22 0 

950 

84 

32 

39 

02 q d 


a. 

~r 

0 

0 

± 


41 The values for red blood cells are given m millions, those for hemoglobin are given in percentagee, 14 5 Gm of 
hemoglobin being equivalent to 100 per cent 

„ ,^.iy^4icn the patient was Eept under the mfluence of digitalis, the measurements were made as usual in the morning 
t^ maintenance dose of digitalis was given later in the day 
f This patient received 1 Gm of theobromine with sodium salicylate three times a dav, from April 23. 1925 mhp 
dosage was not changed dunng the iperiod of these observations 

** This patient received 1 5 Gm of a mixture of calcium theobromine and calcium salicylate three times a dav The 
( pcagc was continued unchanged throughout the period of these observations The patient was under the influence of 
iligitalis at this time, but its use was discontinued after the observations were made 
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FiS 1 The effect of digitalis on urinary output and bod}' weight, cardiac 
output, cardiac size, circulation time and venous pressure in case 1 in the presence 
of hypertensive heart disease This patient, as well as those whose data are given 
in figures 2 to 7, inclusive, showed a normal sinus rhythm 





Fig 2 — The effect of digitalis on the cardiac output per beat and per minute, 
heart rate, caidiac size, circulation time and venous pressure in case 4 (hypertensive 
heart disease) at a time when the predominant symptom was paroxysmal nocturnal 
dyspnea 



Fig 3 —The change in the size of the heart after the administration of 1 8 Gm 
of digitalis in case 4 A was taken (May 11, 1935) before and B was taken 
(!May 13) twenty-four hours after the administration of the drug In C are 
shown superimposed the outlines of the heart obtained from tracings of A and B 








— ■ Icm 


Kftcpra&tic HLPu C 

Fig 5 — ^The change in the size of the heart after the administration of 1 7 Gm 
of digitalis in case 7 A was taken (Feb 19, 1936) before and B (February 24) 
three days after the administration of the drug In C are shown superimposed the 
outlines of the heart obtained fiom tracings of A and B 
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II OBSERVATIONS ON PATIENTS EXHIBITING AURICULAR 

FIBRILLATION 

Plan of Obsermtio-ns — Observations were made on 9 patients with 
auricular fibrillation In 7 cases the etiologic factor was rheumatic tever, 



Fig 6 — The effect of digitalis on urinary output and body weight, cardiac 
output, cardiac size, venous pressure and circulation time in case 9 (syphilitic heart 
disease) 

in 1 syphilis and in 1 arteriosclerosis In all there was evidence of con- 
gestive heart failure. The amount of the drug and the plan of procedure 
were similar to those followed m the cases of normal sinus rhythm 

Obsermhons — The results secured in the case of J G (case 12) 
serve to illustrate the course of events m a patient with elevation of the 
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venous pressure (cases 12, 15, 19 and 20, table 2) Giving digitalis 
to this patient (18 Gm in twenty-four hours) resulted within twenty- 
four hours in an increase in cardiac output, a decrease in cardiac size 



Fig 7 — The effect of digitalis on urinary output and body weight, cardiac 
output, cardiac size, circulation time and venous pressure in case 10 (arteriosclerotic 
heart disease) 

(fig 8), a shortening of circulation time and a fall in venous pressure 
There was a fall in ventricular rate from 102 to 52 per minute, and the 
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March 15 ir 19 21 25 25 



Fig 8 — The effect of digitalis on urinary output and body weight, cardiac 
output, cardiac size, circulation time and venous pressure in case 12 (rheumatic 
heart disease) In this patient as well as in those whose data are given in figures 
10 to 12, auricular fibrillation was present 
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output per beat was more than doubled (table 2) The signs of heart 
failure became less Ten days later (March 25), the use of the drug 
being continued, the cardiac output, circulation time and venous pressure 
remained unchanged, but the cardiac size was still smaller 

Table 2 — Data Relating to Nine Patients With Con 


Case 

Age 

Sex 

Date 

12 

J G 

28 

M 

3/13/35 

3/14/35 

3/15/35 

3/25/35 

13 

A 0 

32 

M 

3/27/35 
3/28/35 
3/30/35 
4/ 2/35 

14 

B 0 

SO 

P 

3/ 4/35 
3/ 5/35 
3/ 6/35 

15 

M C 

53 

F 

1/28/36 
1/29/36 
1/30/36 
2/ 1/36 
2/14/36 

16 

G MacF 

37 

M 

2/25/36 

2/26/36 

2/27/36 

2/29/36 

17 

J M 

37 

M 

2/27/34 
3/1 3/ 3/34 
3/ 4/34 

IS 

M P 

41 

F 

4/30/34 
5/ 1/34 
5/ 2/34 
5/ 5/34 
5/10/34 

19 

P E 

61 

M 

2/28/35 
3/ 1/35 
3/ 2/35 

20 

P St J 

V3 

M 

9/25/35 
9/26/35 
9/27/35 
10/ 2/35 



Oxygen 

Arterio 




Con 

venous 


Cardiac 


sump- 

Oxygen 

Cardiac 

Output, 

Body 

tion. 

Differ 

Output, 

B per 

Surface, 

Cc per 

ence. 

B per 

SqM 

Sq M 

Mm 

Cc 

Min 

per Mm 

1 57 

272 

95 2 

2 86 

1 82 

1 54 

267 

79 4 

3 36 

2 18 

1 50 

247 

741 

3 33 

2 22 

180 

278 

119 8 

2 32 

1 28 

1 79 

269 

84 6 

3 20 

1 78 

180 

263 

78 3 

3 36 

1 86 

1 66 

222 

90 8 

2 29 

1 38 

166 

207 

74 4 

2 78 

170 

161 

207 

102 9 

2 01 

125 

161 

201 

89 3 

225 

1 40 

160 

197 

87 6 

2 25 

1 40 

160 

193 

77 8 

2 48 

1 55 

152 

189 

84 2 

2 24 

1 47 

1 52 

193 

846 

2 28 

1 50 

1 51_ 

182 

70 8 

2 57 

170 

1 72 

203 

100 5 

2 02 

117 

1 72 

221 

95 6 

2 31 

1 34 

1 54 

ISO 

90 6 

1 98 

1 28 

1 54 

172 

906 

1 90 

1 23 

1 52 

164 

79 9 

2 05 

1 35 

1 S3 

159 

74 3 

214 

1 40 

199 

240 

831 

2 89 

1 45 

197 

240 

74 4 

3 23 

164 

189 

245 

94 4 

2 60 

1 37 

184 

247 

77 4 

3 19 

1 73 

1 77 

241 

81 2 

3 00 

170 


Circu 


Cardiac 

Cardiac 

Arterial 

lation 

Area, 

Volume, 

Pressure, 
Mm Hg 

Time, 

Sq Cm 

Cc* 

Sec 

164 3 

1,920 

150 ISO/ 90 

25 4 

156 2 

1,780 

126/ 60 

18 0 

146 5 

1,615 

134/ 65 

19 5 

1719 

2,057 

94/ 56 

28 0 

163 8 

1,910 

94/ 52 

20 0 

154 9 

1,757 

114/ 76 

18 0 

202 9 

2,640 

120 110/ 74 

22 5 

185 3 

2,298 

118 110/ 74 

20 2 

194 2 

2,490 

170/100 

34 0 

179 3 

2,188 

170 162/100 

15 8 

1701 

2,021 

188/105 

161 

168 7 

2,000 

150/ 70 

22 2 

158 6 

1,821 

110/ 90 

24 0 

153 8 

1,740 

120/ 74 

22 6 

1431 

1,560 

118/ 62 

19 7 

218 0 

2,932 

140/ 80 


205 4 

2,682 

140/ soft 


173 2 

2,079 

112/ 70 


167 3 

1,975 

105/ SO 


157 2 

1,798 

105/ SO 


162 0 

1,881 

100/ 70 


198 0 

2,540 

174 160/110 

201 

1691 

2,005 

140 130/ 76 

17 9 

166 6 

1,960 

150/ 90 

55 0 

156 3 

1,779 

150 140/ 68 

32 8 

157 1 

, 1,794 

136-130/ SO 

33 0 


• The Tolumes have not been multiplied by the constant included in Bardeen’s formula, as stated in test 
t Apical rate 

ft The blood pressure was not taken on these days, the figures obtained on February 27 were used for calculations 


The results in the case of A C (case 13) serve to illustiate the 
course of events m a patient without elevation of the venous pressure 
(cases 13, 14 and 16) Giving digitalis (18 Gm ) resulted in an 
increase in cardiac output pei minute and per beat (table 2 and fig 9), a 
decrease m cardiac size (fig 10), a shortening of circulation time and 
no significant change in venous pressure There was relief from the 
signs and symptoms of congestive heait failure 
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WORK OF THE HEART 

The effect of digitalis on the work of the left ventricle per beat was 
estimated, as it was foi the paper i elating to compensated heart disease 
Starr and his associates ® have found that the work of the left ventricle 
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J ^Is patient received 1 5 Gm of theocalcin three times a dav throug-hoiit the period of these observations 
§ The values for red blood cells are given in millions, those for hemoglobin are given in percentages, If 5 Gm of 
hemoglobin being equivalent to 100 per cent 


5 (a) Starr, I , Jr , Collins, L H, and Wood, F C Studies of the Basal 
Work and Output of the Heart in Clinical Conditions, J Chn Investigation 12 13 
(Jan ) 1933 (b) Starr, I , Jr , Donal, J S , Margolies, A , Shaw, R , 
Collins, L H , and Gamble, C J Studies of the Heart and Circulation in Disease 
Estimations of Basal Cardiac Output, Metabolism, Heart Size, and Blood Pressure 
m Two Hundred and Thirty-Five Subjects, ibid 13 561 (July) 1934 
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March April 


Fig 9 — The effect of digitalis on cardiac size, cardiac output, circulation time, 
venous pressure and ventricular rate in case 13 (rheumatic heart disease) The 
venous pressure was not elevated during congestive failure in this instance 
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which IS maintaining an adequate circulation bears a linear relation to 
the size of the heart Fiom then data they have defined a zone of 
noiinal circulatoiy function In a manner similar to theirs, we have 
plotted cardiac volumes as abscissas and giam meteis of work of the left 
ventiicle pei beat as ordinates (tables 1 and 2 and figs 11 and 12) Dui- 
ing failure the values for all the patients except 1 (case 6, noimal sinus 
ihytlim) fell below line CD, outside the zone of noimal ciiculatoiy 
function, whether the rhythm was regulai (fig 11) or that of auriculai 
fibiillation (fig 12) When digitalis was given, however, all the values 



Fig 10 — The change in the size of the heart after the administi ation of 
1 8 Gm of digitalis in case 13 A was taken (March 27, 1935) before and B 
(April 2) three days after the administration of the drug In C are shown super- 
imposed the outlines of the heart obtained from tracings of A and B 

moved closer to or into the zone of noimal ciiculatoiy function In 
short, the work of the left ventiicle per beat became more iieaily com- 
mensuiate with what was expected of the heait for its size 

SUMMARY 

The cardiac output was decreased, and the heait size was inci eased 
m 20 cases of heart failuie of the congestive type The adrainisti ation 
of digitalis to 11 of these patients in whom the rh\thm was legular and 
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to 9 with auricular fibrillation resulted in twenty-four hours in an 
increase in cardiac output, a decrease in cardiac size, a shortening of 
circulation time, and a fall in venous pressure if it was elevated 

Moreover, giving digitalis to these patients increased the work of 
the heart per beat, a decrease in the size of the heart also having 



Fig 11 — Data relating to the work of the left ventricle per beat and the cardiac 
volume in cases of congestive heart failure when normal sinus rhythm was present 
Data relating to the work of the left ventricle per beat (cases 1 to 10 inclusive, 
table 1) are plotted against the corresponding cardiac volumes Line AB represents 
the best line, the regression of the work on the volume, defined by Starr, Collins 
and Wood on the basis of a statistical treatment of data for a control group of 
cases Lines CD and EF were placed by these authors at a distance of twice the 
standard deviation from AB It appears from their observations that a patient 
whose values fall within zone CD-EF has a normal circulatory function, that is 
to say, the work of the heart is commensurate with its size , on the other hand, they 
found that the values relating to patients who had suffered from cardiac decom- 
pensation fell in a zone below CD The values for all the patients represented in 
this figure except L B (case 6) fell in the zone below CD before digitalis was 
given, that is to say, in the zone indicative of heart failure The cause of the 
heart disease in each case is indicated by the shape of the symbol employed, in 
accordance with the key shown at the bottom of the figure Open symbols repre- 
sent the position of the values before digitalis was given and closed symbols their 
position after the exhibition of the drug Arrows indicate the changes in position 
which occurred after digitalization It will be observed that in all instances digitalis 
made the values take up a more advantageous position on the chart, closer to or 
into the zone of normal circulatory function This change was particularly marked 
in cases 1 and 2, the values passing above line CD, into the zone of normal 
circulatory function 
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occurred, the work per beat became more nearly commensurate with its 
size (figs 11 and 12), and the value for the patients moved closer to or 
into the zone of normal circulatory function 

COMMENT 

On the basis of our former studies of the action of digitalis ® as well 
as our present observations, we have been able to demonstrate clinically 



Fig 12 — ^Data relating to the work of the left ventricle per beat and the cardiac 
volume in cases of congestive heart failure with auricular fibrillation (cases 12 
to 20, inclusive, table 2) This chart is made in the same fashion as figure 8 The 
interpretation of the symbols is identical with that given in figure 8 All the 
values fell below line CD, outside the zone of normal circulatory function After 
the exhibition of digitalis, the values m all 9 cases moved closer to CD or even 
up into zone CD-EF and consequently assumed a more advantageous position on 
the chart This change was of particular interest in cases 12 and 20, the values 
passing above line CD, into the zone of normal circulatory function 


6 (a) Cohn, A E, and Stewart, H J Evidence That Digitalis Influences 
Contraction of the Heart in Man, J Chn Investigation 1 97 (Oct ) 1924, (b) The 
Relation Between Cardiac Size and Cardiac Output per Minute Following the 
Administration of Digitalis m Normal Dogs, ibid 6-53 (Aug) 1928, (c) The 
Relation Between Cardiac Size and Cardiac Output per Minute Following 
The Administration of Digitalis in Dogs in Which the Heart Is Enlarged, ibid 


(Footnote conhnucd on next page) 
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certain consequences of giving the drug which may be summarized to 
present our point of view (table 3) It appears that 

1 Digitalis increases the extent of ventricular contraction in man 
and in dogs 

2 Digitalis decreases the cardiac output^ and the cardiac size^ of 
normal persons without decreasing the venous piessure^ 

3 When digitalis is given to patients suftenng from organic heait 
disease who exhibit regular sinus rhythm without congestive heait 
failure, it may (a) decrease the size, decrease the output and increase 
the circulation time, (h) decrease the size, increase the cardiac output 
and deciease the circulation time or (c) leave the size, cardiac output 
and circulation time all unchanged The venous pressure was not sig- 


Table 3 — Actions of Digtiahs That May Be Obseived Clinically'^ 
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nificantly altered ® In short, in some cases the heart behaved like a 
failing heart and in others like a normal one 

4 In cases of auricular fibrillation without congestive heait failuie, 
digitalis may increase the cardiac output and decrease the size and cii- 
culation time or leave them unchanged,® in short, a i espouse may be 
obtained which is not different from that observed in cases in which the 
heart is beating regularly 

5 In the presence of auricular fibrillation and congestive heait 
failure, digitalis produces an increase in cardiac output and a decrease 
in cardiac size and circulation time, and a decrease in venous pressuie 
if it IS elevated (earlier ^ and present observations) 

6 79 (Aug ) 1928 (d) Stewart, H J , and Cohn, A E Studies of the Effect 

of the Action of Digitalis on the Output of Blood from the Heart II The Effect 
on the Output of the Hearts of Dogs Subject to Artificial Auricular Fibrillation, 
ibid 11 897 (Sept) 1932, (e) footnote 1 Stewart, Crane Deitrick and 
Thompson s 
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6 In the presence of noimal sinus rhythm m congestive heart 
failure it appeals from the observations now being reported, as well as 
those already recorded,^ that digitalis increases the cardiac output and 
deci eases the cardiac size, circulation time and venous pressure 

7 In a parallel senes of observations on dogs, similar lesults obtained 
so far as contraction, cardiac output and cardiac size were concerned 

8 The work of the heait per beat was increased by digitalis m all 
the cases of heart disease, due to various etiologic factors, which have 
been studied (earlier® and present obseivations), whether failuie was 
piesent oi not and whethei there was a regular rhythm or auricular 
fibi illation 

Cattell and Gold " have recently shown that two digitalis glucosides 
(ouabain and digitoxm) inciease the systolic tension m cats, m short, 
they increase the foice of conti action 

These data may be fitted togethei into a concept of the action of 
digitalis It is apparent that there are certain unifoim actions of the 
drug, namely, a decrease m size and increase in the extent of contraction, 
an effect on the electrocardiogram and an inciease m the work of the left 
ventricle Moreover, these occur iriespective of whether the heart is a 
noimal or a diseased one, whether it is compensated or in failure and 
whether there is a normal sinus rhythm or auricular fibrillation The net 
effect of these actions on the caidiac output, however, diffeis, depending 
on whether the heart is dilated or not That is to say, the action of the 
drug is the same in all instances, but the consequences of the action on the 
minute volume of blood from the heait aie different, depending on 
whether the heait is small or dilated These obseivations shov clearly 
that an effect on size, namely, a deciease, appeals to be an important 
action of the drug When the size of the heart changes, the cardiac out- 
put alters , when a change in size occurs, it appears to oven ide the effect 
on contraction If the heart is made too small, the cardiac output 
decreases, but if the heart is dilated and a decrease m size occurs, the drug 
brings It to a more appropriate size, and an increase in output occuis 
Parallel changes in the velocity of blood flow occur In all instances 
which we have encountered, digitalis caused an increase m the work 
performed by the heart per beat and brought the work accomplished 
more nearly m line with the size of the organ (figures 7 to 9 m our 
earlier paper® and figures 11 and 12 in this paper) The explanation 
of these events may be found in Starling’s ® theory dealing with the 
length of the muscle fibers of the heart In these cases we have 

7 Cattell, M , and Gold, H The Influence of Digitalis Glucosides on the 
Force of Contraction of the Mammalian Cardiac Muscle, J Pharmacol & Exper 
Therap 62-116 (Jan) 1938 

8 Starling, E H The Linacre Lectures on the Law of the Heart, Given at 
Cambridge, 1915, London, Longmans, Green & Co, 1918 
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demonstrated clear evidence of a change in the size of the heart and 
an increase in its functional capacity The correlation of Starr and his 
associates ® points to the same notion, and our observations bear them 
out 

The observations of Cattell and Gold which have been mentioned 
indicate still another action of digitalis on cardiac muscle, namely, an 
effect on systolic tension It appears, however, that this is not the 
most significant action of the drug, for the effect on size appears to 
override it, just as it overrides the effect of an increase in the extent of 
ventnculai contraction There is evidence for this interpretation In 
the first place, in noimal persons and in certain patients exhibiting heart 
disease, without congestive heart failure (-group 1 in our earlier paper ^), 
digitalis decreased the cardiac output and the cardiac size, even tliough 
we have reason to believe that the extent of ventricular contraction 
increased and that the force of contraction increased , in short, the 
effect on size in making the pump too small was the predominate one 
and resulted in a decrease in output, even though an increase m the 
extent of the contractions and an increase in the force of the contractions 
were factors influencing the output toward an inciease In the second 
place, we encountered cases of heart disease without failure (group 3 
in our earlier paper in which the giving of digitalis brought about no 
change in cardiac size, in them, however, no change in cardiac output 
occurred These results give clear evidence that the effect on size is the 
most significant one, since when it fails to occur, a change in output also 
is not apparent 

Friedman, Clark, Resnik and Harrison ** have taken issue with our 
earlier observations relating to heart failure,’- because in the rebreathmg 
part of the technic two samples of gas were taken instead of three, and 
relating to the “time” at which our samples were taken We used the 
method which was then available The patients were selected so that 
the method would be applicable to them, and to this end we chose those 
whose lungs were relatively free from rales and who, on trial, were 
found to rebreathe easily , moreover, we took the samples later than was 
our custom when studying normal persons Furthermore, the amount 
of gas to be lebreathed was reduced, in propoition to the patient’s vital 
capacity, to the amount which, after training, he could take completely 
In addition, duplicate observations were made within fifteen minutes, 
and checks were obtained It turns out, now that we have come to 

9 Fnedman, B , Clark, G , Resnik, H, Jr, and Harrison, T R Effects of 
Digitalis on the Cardiac Output of Persons with Congestive Heart Failure, Arch 
Int Med 56 710 (Oct ) 1935 

10 In our earlier paper ^ we stated that samples were taken first after a 
rebreathmg period of fifteen seconds This statement should have been expanded 
to include those instances in which the rebreathmg time was longer 
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repeat these observations on patients as nearly like those whom we previ- 
ously repoited on as possible, making use of the three sample technic, 
that the results are in agreement with those already published by us 
These later results, as did the others, reveal an association between 
cardiac output and cardiac size, in addition, m the latter observations 
we have added data relating to the velocity of blood flow In the light of 
our newer observations there appears to be no reason to discard our 
earlier ones 

On the other hand, we have stiessed the point that, if any undei lying 
pattern of the actions of digitalis is to be detected, as many factors as 
possible should be kept uniform To this end we have selected patients 
as nearly alike as possible for each group Since, however, cases that 
aie identical in all respects aie not encounteied m the clinic, we have 
stressed uniformity of factors that were m our control, namely, giving 
to all the patients the same amount of the same “batch” of the drug 
within the same number of hours and making our obser\ations at 
comparable times with respect to the giving of digitalis , and, finally, 
since our observations of normal persons indicated that the effects may 
occur early, we have continued m the belief that these early effects cannot 
be Ignored Now that ve have shown that our foimer observations need 
not be discarded, since the new ones follow the same pattern, we have 
reexamined Harrison’s ° data to discover whether apparently different 
results were not to be reconciled He said that he could not detect pat- 
terns in his results The apparent difference so far as cardiac output 
IS concerned between our results and Harnson’s may be due to differ- 
ences in the manner in which the observations were carried out (o) His 
observations were made at varying times befoie digitalis was given, while 
ours were made the day before the drug was given (&) His observa- 
tions were made at different times after the drug was given, the first 
observation being made from one to four days after use of the diug was 
started, in ours (except on two occasions, see the tables) it was made 
twenty-four hours after the drug was given (c) The patients were 
given different amounts of the drug, and it is not stated whether it was of 
the same batch and of the same potency, it was not given to all the 
patients in a uniform fashion On the other hand, all our patients 
received the same amount of the drug, from one “batch,” on the same 
schedule (d) No other drugs were given to our patients which might 
interfere with recognition or separation of the digitalis effect (e) There 
IS occasioned some doubt about the value of the method he employed in 
plotting his charts The average output before the giving of digitalis 
was taken as a “zero line ” This method may be misleading, since 
observations were made as far ahead of the giving of digitalis as an 
average of five days , during this time the cardiac output may have 
changed as a consequence of a change m the patient’s state, if this 
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occurred, data relating to different states of the patient were averaged 
and taken as a base line and compared with data secured aftei the drug 
was given Plotting the raw data recorded in his tables, as we have 
done without this procedure, reveals more accurately the effect of the 
drug As a consequence there results a resorting of the patients (tables 
1 to 3 ®) to show 12 in whom an increase in output occurred (J E , 
H M,A E,G B S,C M,P F,L M,L M,M P,A T,F B 
and S F ), 5 in whom no change in output was apparent (I M , M B , 
T K , M L and YD) and 5 m whom a decrease in output occui red 
(M 0,L W,G M,A M, and R O ) after the giving of digitalis 

It IS obvious theiefore that the different routines by which his 
obseivations and ours weie cairied out do not make the findings strictly 
comparable Nevertheless, when we analyze his data, as already 
described, by plotting them in the raw, we can detect patterns in his 
results He found the cardiac output sometimes increased, sometimes 
unchanged and sometimes deci eased with the giving of digitalis From 
his data he said he was unable to establish any correlations with respect 
to the action of the drug In certain cases, however, the patients fell 
into groups similar to those we have desciibed, that is to say, those 
with an increased cardiac output and those with an unchanged cardiac 
output These might have been the ones in whom, in our senes, the 
cardiac size was decreased (group 2®) and unchanged (gioup 3®), 
lespectively On the othei hand, the patients in wdiom he found the 
cardiac output decreased may be similai to the gioup we have repoited 
on whose cardiac size was made too small and, as a consequence, whose 
cardiac output was decreased (group 1 Whether the heaits of his 
subjects were large or small is not known, and no obseivations weie 
made relating to the effect of digitalis on the cardiac size Fuithei 
speculation on this point is not piofitable 

We have not been of the opinion that the action of digitalis can be 
measured m terms of a single function, such as cardiac output , but it 
appears that its effects, so far as cardiac output is conceined, can in a 
measure be coi related with its other effects, namely, the effect on size, 
on contraction and on work per beat Furthermore, we have been careful 
in stating that we do not think that benefit can be gaged in terms of any 
one effect, such as a change in cardiac output ^ For, although in the 
patient with compensated heart disease there are divergent effects on the 
cardiac output per minute, we have shown one phenomenon common to 
all, with compensated as well as with uncompensated heart disease, 
namely, that digitalis increases the work of the left ventiicle per beat 
irrespective of its effect on the total output (our earlier ® and our present 
observations) 

We find observations of another sort in the literature which give 
■weight to our interoretation of the results of our studies of the action of 
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digitalis These relate to the effect of the drug in the heart-lung prepai a- 
tions and in revived human hearts With regard to the former, Cohn 
and Steele have reviewed the earlier observations and have con- 
tributed data showing that digitalis increases the output of the failing, 
dilating heart Peters and V isscher have recently presented data show- 
ing that the failing heait suffeis a deciease in mechanical efficiency and 
that digitalis glucosides increase the output and increase the work and 
“efficiency” of the organ And, finally, m the case of the revived human 
heart, Kountz has shown that the exhibition of digitalis to a patient 
Mith such a dilated, failing heart resulted m a maiked decrease of the 
diastolic size and an increase in the flow thiough the coronary arteiies 

CONCLUSIONS 

From the detailed study of the mechanism of the action of digitalis on 
the circulation of 42 patients suffeimg from heait disease (oui eailier ^ 
and our present observations) the following conclusions may be drawn 

The output of blood per minute from the heart which is m failure is 
diminished, the velocit}^ of the blood flow is less and the heart is laigei 
than when it is m a state of compensation The work per beat is 
decreased and is not commensurate with the size of the organ The 
\enous pressure is in certain instances elevated, and in others it is in 
the normal range 

Digitalis inci eases the output per minute of the failing heart, 
decreases its size and increases the A\oik per beat, so that it more nearly 
approximates what is expected of it for its size The circulating blood 
now moves at a greater velocity A fall in venous pressure occuis if it 
was elevated beforehand 

An interpretation of these results in the light of those already 
reported is that digitalis has the same action on the noimal as on the 
pathologic heart, it decreases the caidiac size, which we inteioiet as an 
effect on tone The amount of the cardiac output w Inch results fiom this 
action depends on the initial size of the heait The amount decreases 
in the case of a normal heart and increases in the case of a dilated one 
Our evidence indicates that digitalis acts in a similar fashion on the 
normal heart and on those damaged by valvulai disease and by myo- 

11 Cohn, A E , and Steele, J M Studies of the Effect of the Action of 
Digitalis on the Output of Blood from the Heart I The Effect on the Output 
of the Dog’s Heart in Heart-Lung Preparations, J Clin Investigation 11 871 
(Sept) 1932 

12 Peters, H C, and Visscher, M B The Energy Metabolism of the Heart 
m Failure and the Influence of Drugs upon It, Am Heart J 11 273 (March) 
1936 

13 Kountz, W B The Coronary Flow in Hearts of Individuals Dying of 
Cardiac Insufficiency, Am Heart J 12 490 (Oct) 1936 
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cardial disease unless the myocardial damage is extreme, m which case 
toxic effects might possibly be elicited at lower concentrations of 
digitalis 

The effect of digitalis m the presence of auricular fibrillation is 
similar to that recorded when the rhythm is regular 

The response of hearts damaged by syphilis, arteriosclerosis and 
hypertension appears to be similar to that observed for heaits damaged 
by rheumatic fever 

The response of patients whose aoitic valves are damaged is not 
different from that of patients exhibiting initial involvement 

The decrease m cardiac size appears to be the most important effect 
of digitalis, the change in cardiac output being a consequence of it 
The lowering of the venous pressuie by the administration of digitalis 
to the patient exhibiting heart failure seems to be dependent on an 
increase in cardiac output An increase in caidiac output and work pei 
beat permits the pumping onward of the blood accumulated on the light 
side so that a proper distribution results 

There are indications that digitalis may benefit ceitain patients with 
organic heart disease without heart failure (Christian but the final 

proof will depend on clinical observations 

When considered m the light of our data relating to the action of the 
drug when the heart is normal ^ and to its action when the heart is 
damaged by organic heart disease but heart failuie is not present, the 
observations now reported with respect to patients with failuie, those 
presenting regular sinus rhythm as well as those exhibiting auricular 
fibrillation,® lead us to i estate our original conclusion Digitalis has 
similar, perhaps identical, action when the heart is normal and when 
it IS diseased It decreases the cardiac size and increases the extent of 
ventricular conti action,®" and to these is to be added the effect on 
systolic tension (Cattell and Gold The consequence of these actions 
IS that the cardiac output which results differs, depending on the initial 
difference in the size of the ventricular cavities in the two situations In 
the one (the normal heart and the diseased heart which is not failing) it 
becomes too small, in the other (the diseased heart which is failing) 
It acquires a suitable size 

These studies demonstrate, however, a more uniform generalization 
which IS applicable to all these situations, namely, that digitalis increases 
the woik of the heart per beat and that with respect to the heart which is 
failing, it increases the work per beat and makes it more nearly commen 
surate with the work expected of the heart for its size 

14 Christian, H A The Use of Digitalis Other Than in the Treatment of 
Cardiac Decompensation, JAMA 100 789 (March 18) 1933 



CLINICAL STUDIES OF RESPIRATION 

VII ADDITIONAL OBSERVATIONS CONCERNING THE VALIDITY OF 
RESULTS OBTAINED WITH THE BODY PLETHYSMOGRAPH 

JAMES A GREENE, MD 
L W SWANSON, MD 

AND 

R H HEEREN, MD 

IOWA CITY 

The use of the plethysmogiaph in the study of changes in the expiia- 
tor}f volume of the chest has been ciiticized, and foi this reason we wish 
to report additional observations concerning the validity of this method 
Our experiments show that normal persons can be divided into the two 
following gioups In the first group hypeipnea (voluntaiy hyperpnea 
and hyperpnea pioduced by alteration of the inspiied air) is accompanied 
by a relatively constant oxygen consumption Spirograms obtained 
simultaneously with plethysmograms therefore will show the piesence or 
absence of expiratory inflation In the second group the oxygen con- 
sumption is increased during hyperpnea, and the occurrence of expira- 
tory inflation cannot be demonstiated for ceitam One may ascertain, 
however, whether or not expiratory inflation is possible by comparing the 
volume of the complemental air during rest with the increase produced 
m the voliune of the tidal air during hyperpnea An increase m the 
volume of tidal air equal to or greater than that of the complemental 
air during rest excludes the possibility of expiratoiy inflation during the 
observed hyperpnea , whereas if the volume of complemental air during 
rest exceeds the increase in tidal air by 0 5 to 1 liter or more, expiratoiy 
inflation is possible Proving that expiratory inflation is possible does 
not signify that it occurs, but we have never observed expiratory defla- 
tion beyond that of rest except with coughing or speaking or during 
forced expiration Inflation, on the other hand, may occur with any 
respiratory stimulation 

The results obtained by making simultaneous spirograms and 
plethysmograms during hyperpnea produced by alteration of the inspired 

From the Department of Internal Medicine, State University of Iowa, College 
of Medicine 
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air have been published ^ The present report is concerned, first, with 
a comparison of spirograms with plethysmograms made during voluntary 
hyperpnea and, second, with a comparison of the increase in volume of 
tidal air during hyperpnea produced by physical exertion with that of 
the complemental air during rest 

METHOD 

For 13 normal men, spirograms and plethysmograms were obtained simul- 
taneously during voluntary hyperpnea 

The increase in tidal air following physical exertion was compared with the 
volume of complemental air during rest m twenty-nine experiments on 9 young 
men The tidal, complemental and reserve air during rest and the vital capacity 
were measured by means of a face mask attached to a spirometer, the subject 
being in the supine position The excursions of the spirometer were recorded 
and calibrated with a kymograph Each subject first rested for thirty minutes 
m the supine position with the face mask m place The volume of the tidal 
air during rest was then obtained without his knowledge by diverting the expired 
air into the spirometer The volume of complemental air was then estimated at 
frequent intervals by the usual method The accuracy of these data for the 
complemental air was confirmed by obtaining the volumes of both the tidal 
and the complemental air and subtracting the former from the latter The average 
of fifty or more measurements of tidal air was taken as the volume of tidal 
air during rest, and the average of ten or more measurements of complemental air 
was taken as the volume of complemental air during rest The vital capacity 
was measured in each instance and was found to be proportionate to the volumes 
obtained for the complemental and the tidal air The volume of tidal air during 
hyperpnea following physical exertion was measured with the subject in the 
supine position for one or two minutes immediately after he had performed 
ordinary stool stepping as rapidly as possible and for as long as he was physi- 
cally able The volume of the tidal air during rest was subtracted from the 
volume of the largest respiration, and the resulting volume was compared with 
the volume of the complemental air during rest According to Peabody and his 
associates, 2 the greatest pulmonary ventilation occurs for one or two minutes 
after exertion 

RESULTS 

Expiratory inflation occurred in 7 of 13 subjects during voluntaiy 
hyperpnea and was demonstrable on both the spirograms and the 
plethysmograms In the remaining 6 subjects there was no change in 
expiratory volume by either method 

1 Greene, J A Clinical Studies of Respiration III Influence on the 
Expiratory Position of the Chest in Man of an Inspired Air Which Is Low in 
Oxygen and High in Carbon Dioxide, and of Resistance to Inspiration and to 
Expiration, Arch Int Med 52 447-453 (Sept ) 1933 

2 Peabody, F W , Sturgis, C C , Barker, B I , and Read, M N Clinical 
Studies on the Respiration IX The Effect of Exercise on the Metabolism, 
Heart Rate, and Pulmonary Ventilation of Normal Subjects and Patients with 
Heart Disease, Arch Int Med 29 277-305 (Marchl 1922 
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It IS to be noted from the accompanying table that in all instances 
the volume of the complemental air during lest exceeded the increase 
pioduced m the volume of the tidal air 

COMMENT 

The results obtained with simultaneous spirogiams and plethys- 
mograms of voluntary hypeipiiea corioborate the results repoited pie- 
viousty during hyperpnea produced by alteration of the iiispii ed air ’■ 

Summaiy of Daia"^ 


Volume of 

Complemental Increase in 
Air During Volume of 



Rest, 

Tidal Air, 

Difference, 

Subject 

Cc 

Cc 

Cc 

E H 

2,21G 

1,204 

1,012 

1,457 

759 



1,238 

978 



1,996 

220 



1,595 

621 

J G 

2,443 

1,741 

702 


1,733 

710 



2,073 

370 



1,711 

732 



1,581 

862 



1,619 

824 

"H B 

8,1S7 

1,579 

1,608 


1,428 

1,759 



2,076 

1,111 



2,040 

1,147 

1,640 



1,547 



2,371 

816 



1,309 

1,878 

K 

2,195 

1,084 

511 



1,009 

586 



1,037 

558 

C 

3,0S5 

1,7S3 

1,302 

R 

2,9S9 

1,765 

1,224 


2,283 

706 

G 

2,C30 

1,346 

1,284 


1,970 

1,160 

E 

2,9C2 

2,209 

753 



1,723 

1,239 

P 

2,032 

1,007 

1,025 


* The Tolume of complemental air during rest exceeded the increase produced in the 
tidal air by hyperpnea following physical exertion 


The fact that the volume of tidal air duimg hyperpnea produced by 
severe muscular exertion does not increase sufficiently to equal the 
volume of complemental air during rest does not signify that expiratory 
inflation occurs, but it does show that the expiratory volume of the 
chest can increase even when the most extieme demands aie being made 
on the respiratory mechanism In only 2 instances (R H and J G , as 
shown in the accompanying table) was the difference in the two volumes 
so slight that expiratory inflation undoubtedly could not have occurred 
In both of these experiments the physical exertion was so strenuous that 
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circulatory collapse appeared imminent Such a tremendous demand 
on the respiratory mechanism rarely occurs and was not produced m any 
of our previous studies 

SUMMARY 

Additional observations regarding the validity of results obtained 
by means of the body plethysmograph are reported The changes in the 
expiratory volume of the chest recorded on plethysmograms during 
voluntary hyperpnea were confirmed by spirograms made simultaneously 
A comparison of the volume of the complemental air during rest 
with the increase in volume of the tidal air during hyperpnea produced 
by strenuous muscular exertion shows that expiratory inflation is possible 
during hyperpnea thus produced 



PNEUMONIA COMPLICATED BY ACUTE PNEUMO- 
COCCIC HEMORRHAGIC ULCERATIVE GASTRO- 
ENTERITIS (DIEULAFOY’S EROSION) 

REPORT OF TWO CASES 

CONLEY H SANFORD, MD 
JOHN D HUGHES, MD 

AND 

JEROME WEEMS, MD 

MEMPHIS, TENN 

The universal omission from standard American textbooks of men- 
tion of gastrointestinal ulcerations complicating pneumonia has prompted 
us to report 2 cases m which treatment was given to patients in the 
wards of the John Gaston Hospital It has occuired to us that this 
complication may not be as rare as the sparsity of reported cases indicates 
Search of the literature available to us reveals reports of only 9 cases, 
the great majority of these from the French literatuie 

This complication of pneumonia was first desciibed by Dieulafoy,^ in 
1899 He described 2 cases, the first occuiimg in a patient with lobar 
pneumonia in whom seveie abdominal pain, hematemesis and melena 
developed Autopsy revealed multiple acute ulcciations of the stomach, 
ranging from the size of a pinpoint to a diametei of 3 mm , most of them 
being grouped in the pyloric region By a strange coincidence Dieulafoy 
had in one of his wards at the same time a patient with lobar pneumonia 
with abdominal symptoms of unusual seventy On the eighth day of 
the disease this patient vomited a quart (1 liter) of blood but did not 
die until the nineteenth day of illness, after pneumococcic meningitis had 
developed Examination of the stomach revealed 

congestion of the mucous membrane but no active erosions, as m the previous 
case The histologic examination of the mucosa showed small hemorrhagic 
foci, some in the submucous tissue and others, more numerous, in the mterglandular 
tissue These foci (the origin of the hematemesis) pushed the glands aside and 
formed distinct masses that were separated from the exterior by a thin layei 
of mucous membrane Around the foci no trace of inflammatory reaction was 
to be seen The search for micro-organisms was fruitless 

From the Department of Medicine, University of Tennessee, College of 
Medicine, and of the John Gaston Hospital 

1 Dieulafoy, G Gasterite ulcereuse pneumococcique Grandes hematemeses, 
in clmique medicale de I’Hotel Dieu de Pans, Pans, Masson & Cie, 1899, lesson 11, 
p 219 
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Dieulafoy proposed for this condition the name pneumococcic hemoi- 
ihagic ulcerative gastritis 

Chatardr m 1926, collected from the literature reports of 8 cases 
of gastrointestinal hemorrhage associated with pneumococcic infection 
The ages of these patients ranged from 17 to 51 years Although it was 
at times difficult to estimate the exact date of onset of the pneumococcic 
infection, Chatard observed that m the great majority of cases the 
hemoirhages occuired between the fifth and the twelfth day of the 
disease, but in Vialard’s patient the bleeding took place on the twenty- 
seventh day of illness 

Chatard classified the gastrointestinal complications of pneumonia 
as follows 

1 Simple enteric 

2 Dysenteric 

3 Ulcerating hemorrhagic 

(c) Ulcerating 
{b) Hemorihagic 

His simple enteric type of complication consisted of tympanites with its 
accompanying respiratory embarrassment It is the most common of 
all complications and is probably the result of piofound toxemia lather 
than of actual invasion of the abdominal visceia by the pneumococci, 
since it IS prevalent in cases of lobar pneumonia in which repeated cul- 
tuies of the blood are steiile 

The dysenteric type, as the name implies, is a complication in which 
the symptoms consist of tenesmus, blood-streaked stools and the other 
well known manifestations of acute dysentery It is more seveie and 
exhausting than the simple enteric type 

Chatard divided the third type, the ulcerating hemorrhagic type, into 
two types The first of these is the ulceiating type, in wdiich there is 
formation of one or more ulcers of the stomach or intestine without 
immediate symptoms The recognition of this vaiiety rests on careful 
examination of the stools for occult blood, as there is no frank hemor- 
rhage, at least there was none m the case he reported The case i eported 
by Claus probably w'^as of this type His patient was ten days conva- 
lescent from a pneumococcic infection when ulceis of the lesser curva- 
ture of the stomach and of the descending colon ruptured, resulting in 
geneialized peritonitis 

However, 8 of the 9 reported cases and both of oui cases weie of 
the frankly hemorrhagic type An analysis of this group of cases reveals 
that the predominating initial symptom was abdominal pain of unusual 

2 Chatard, J A Case of Intestinal Hemorrhage in Pneumococcal Infection, 
with Clinical Remarks, M J & Rec 123 453 (April 7) 1926 
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sevent}^ which was located in the epigastrium, was inoie oi less constant 
and was nonradiating Howevei, in Chataid’s case there were pains 
not only m the epigastrium but also m the lumbar i egions These lumbar 
pains weie probably due to acute hemoirhagic nephritis, which he stated 
was present as a lesult of profound toxemia In this case the pain was 
mteimittent, lasting for peiiods of thirty minutes, which was in contrast 
to the continuous type of pain usually observed Along with abdominal 
pain, nausea and vomiting were usually present in these cases, but m 
onl}^^ about one-third did hematemesis occur In the remainder there 
was melena, or entei orrhagia In 1 of Dieulafoy’s cases and m 1 of 
our own cases both hematemesis and melena occuried 

Besides the abdominal symptoms, these patients usually had all the 
manifestations of internal hemorihage, namel}, a fall m temperatuie 
and blood pressure, restlessness and an increasingly weak, rapid, 
irregular, thready pulse 

Johnson,® in 1929, lepoited the case of a boy aged 12 )^eais who 
had a hemorrhage of 1 pint (500 cc ) fiom the bowel complicating lobar 
pneumonia which seemed to have been preceded by influenza An 
unusual point m his case was that in spite of the hemorrhage the tem- 
perature remainded at 104 F for some time 

REPORT or CASES 

Case 1 — A H , a white man aged 53 years, was admitted to the John Gaston 
Hospital on Feb 2, 1936, complaining of pam in the left side of the chest, cough, 
fever and general malaise The onset of illness was eleven days prior to entry, 
when the patient contracted a cold accompanied by a cough which became progres- 
sively worse Five days before admission to the hospital he had three distinct 
chills about eight hours apart, each followed by high fever, aching of the bones 
and delirium The night before entry he was awakened by a stabbing pain in 
the left side of the chest which was made worse by respiration and cough 

The past and family histones contained nothing of importance relative to the 
present illness 

Physical examination disclosed all the signs of consolidation of the lower 
lobe of the left lung These findings were confirmed by roentgenologic examina- 
tion, which revealed also areas of increased density characteristic of lobular pneu- 
monia in the upper lobe of the left lung and the lower lobe of the right lung 
All the peripheral arteries were moderately resistant to compression Examination 
otherwise revealed an essentially normal condition 

The urine contained an occasional granular cast The red blood cell count 
and hemoglobin value were slightly below normal , the leukocyte count was 
19,000 Later the leukocyte count reached 40,000 and then dropped to 11,000 
The percentage of granulocytes remained approximately 89 throughout the disease 
The sputum revealed type IV pneumococci Culture of the blood also showed 
type IV pneumococci 

3 Johnson, W M Intestinal Hemorrhage as a Complication of Pneumonia, 
Arch Pediat 44 193 (March) 1929 
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The patient’s temperature was irregular, ranging from below normal to 
105 F On the eighth day of the disease, signs of empyema on the left side 
appeared During the last three days in the hospital the temperature was sub- 
normal continuously, while the pulse and respiratory rates mounted The blood 
pressure decreased, ranging between 115 systolic and 50 diastolic and 70 systolic and 
30 diastolic The general trend of the disease showed a progressive increase in 
severity, with a diminution of the patient’s resistance On the afternoon of 
February 11, nine days after admission to the hospital, the patient vomited about 
2 ounces (60 cc ) of dark red blood and the following day passed a large amount 



Photograph of the stomach of our first patient, showing one large ulcer and 
several smaller ones 

of blood in the stool He died on the morning of February 13 The clinical 
diagnosis was (1) bronchopneumonia, type IV pneumococci, (2) pneumococcic 
bacteremia, type IV pneumococci, (3) acute pneumococcic hemorrhagic ulcerative 
gastritis, (4) emp}'ema on the left side, and (5) generalized arteriosclerosis 
Neaopsy ObservaHons — The salient points were scarring of the upper lobe 
of the left lung, confluent bronchopneumonia of the lower lobe of the left lung, 
bronchopneumonia of the lower lobe of the right lung, seropurulent empyema 
on the left and parenchymatous degeneration of the viscera The stomach and 
intestines contained large amounts of clotted blood In the fundus of the stomach 
(as shown in the accompanying figure) near the center of the lesser cuivature 
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was a large ulceration, 4 cm m diameter, extending down to the muscular coat, 
m tlie base of which was an eroded blood vessel Adjacent to this ulcer were 
SIX smaller and more superficial ulcerations Sections through the largest 
ulcer were seen microscopically to contain serum, fibrin, leukocytes, dead cells 
and bacteria The margin of the ulcer showed necrosis down to the serosa, with 
a greatly thickened submucosa 

Case 2 — P P, a Negro aged 26 years, was admitted to the John Gaston 
Hospital on March 17, 1936 His illness began four days prior to entry, with 
sore throat, general malaise and fever Soon a cutting pain developed under the 
left breast which was aggravated by cough and deep inspiration, and he began 
to raise brownish sputum 

Examination revealed evidences of pneumonia of the lower lobe of the 
left lung Those findings were confirmed by roentgenologic examination The 
urine contained a few hyaline and granular casts Slight anemia was present 
The leukocyte count was 10,800, with 93 per cent polymorphonuclear cells Typing 
of tlie sputum disclosed t 3 'pe IV pneumococci Repeated cultures of the blood 
were sterile No other abnormal findings were detected 

Two days after admission to the hospital the patient became delirious and 
remained so until about six days before discharge At that time also, definite 
evidences of consolidation of the lower lobe of the i ight lung appeared On March 
23, the eleventh day of the disease, the patient began to complain of pain in 
the epigastrium, and examination revealed tenderness and slight muscular rigidity 
between the umbilicus and the xiphoid His temperature dropped from 103 to 99 F , 
and, strange to say, his pulse rate dropped with it A tentative diagnosis of acute 
gastrointestinal ulceration was made, and a few hours later the patient passed by 
rectum about 5 ounces (ISO cc ) of blood, the first portion was tarry black and 
the last dull red In two days the epigastric tenderness and pain had disappeared 
and there was no repetition of the bleeding He was discharged on April 4, the 
twenty-third day of the disease, in good condition The clinical diagnosis was 
(1) lobar pneumonia (the lower lobes of both lungs) due to type IV pneumococci 
and (2) acute pneumococcic hemorrhagic ulcerative gastritis or enteritis 

COMMENT 

A point of Striking coincidence in our 2 cases is that the infecting 
organisms in both cases were type IV pneumococci In the first case 
these organisms were found in the blood stream as well as m the sputum 
In the second case the blood was cultured only once prior to the hemor- 
rhage After the complication, four cultures were sterile It is most 
unfortunate that we did not culture the blood daily in this case In 
none of the 9 cases reported in the literature was the type of pneumo- 
coccus mentioned Was it mere chance that both oitr patients were 
infected with type IV pneumococci, or will future reports by other 
observers show that this type is particularly likely to cause gastrointes- 
tinal ulceration^ 

In neither of our cases were we able to elicit a history of indigestion, 
abdominal pain related to meals or any other symptoms suggestive of 
peptic ulcer antedating the pneumococcic infection In the first case we 
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were able to see at necropsy that all the ulcerations were lecent In the 
second case, in the absence of a history suggestive of peptic ulcer and 
in the presence of abdominal pain, tenderness and muscular rigidity and 
of melena, we believe we were justified in making a diagnosis of acute 
pneumococcic hemorrhagic ulcerative gastritis or enteritis 

It IS interesting to note that gastric ulcers occurring in the course 
of pneumococcic infections have been studied experimentally in the 
guinea pig Dieulafoy ^ cited the experiment by Bezangon and Griffon 
in which the peritoneum of a healthy guinea pig was inoculated with 
\irulent pneumococci The animal succumbed in twenty-one hours, 
and postmortem examination revealed petechiae in the mesentery and 
large intestine and hemorrhagic nodules in the spleen The musosa of 
the stomach was studded with about fifteen hemorrhagic erosions His- 
tologic examination of these erosions showed that the process affected 
only the mucous and submucous coats and that pneumococci were present 
in the ulcers, as they were in all the organs This experiment is par- 
ticularly interesting from two standpoints First, it revealed the organ- 
isms in the ulcerated tissue Second, it possibly demonstrated another 
loute by which the pneumococcus may attack the gastric mucosa, namely, 
by way of the peritoneum Dieulafoy called attention to Griffon’s case, 
in which acute ulcerations were present in the stomach of a woman who 
died of pneumonia but no pneumococci could be found in the ulceis 
The question was therefore raised as to whether ulceration is invariably 
due to invasion by pneumococci or to its toxins without invasion Both 
of Dieulafoy ’s patients had complicating pneumococcic peritonitis, but 
m our patient who came to necropsy there was no evidence of peritoneal 
infection The following questions we are not able to answer Is the 
presence of the pneumococcus m the wall of the gastrointestinal tract 
necessary for the production of ulceration, or may it be produced in 
some instances by pneumococcic toxins^ If the presence of organisms 
IS essential to the production of ulceration, must they reach the tissue 
only through the blood stream, or may they also invade the mucosa from 
the gastrointestinal canal or by extension from the peritoneum ^ 

In view of our experiences with these 2 cases we consider it 
important to understand the significance of melena or hematemesis 
complicating pneumonia Unfortunately Chatard did not append a 
bibliography to his article, nor did he note the mortality rate in his own 
series, but since both of Dieulafoy’s patients, Griffon’s patient and 1 
of our patients died, it is inferred that this complication constitutes a 
serious prognostic omen 

As to therapy, we have nothing new to offer Both of our patients 
received conservative medical treatment for gastrointestinal hemorrhage 

4 Dieulafoy, G A Text-Book of Medicine, ed IS, New York, D Appleton 
and Company, 1911, p 658 
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CONCLUSIONS 

We have been able to find in the literatme reports of only 9 cases 
of acute pneumococcic hemorrhagic ulcerative gastroenteritis com- 
plicating pneumonia To these we add leports of 2 new cases 

Hematemesis, melena, abdominal pain, tenderness and muscular 
iigidity, and a fall in blood pressure and temperature with an increase 
in pulse rate, in the presence of pneumonia, should lead one to suspect 
this complication 

This important complication of pneumonia is not discussed in any 
of the standard American textbooks of medicine 

It IS probable that the condition is more frequent than is indicated 
in the literature 



DIABETES INSIPIDUS AS A SIGN OF METASTATIC 
INVOLVEMENT OF THE SUPRAOPTICO- 
HYPOPHYSIAL SYSTEM 

MITCHELL BERNSTEIN, MD 

MATTHEW T MOORE, MD 

AND 

DAVID B FISHBACH, MD 

PHILADELPHIA 

Diabetes insipidus as a clinical manifestation has long been a subject 
of interest and controversy The latter has resulted in an accumulation 
of clinical and experimental data which has tended to clarify the con- 
cept of the mechanism of diabetes insipidus A complete review of the 
literature of the subject of diabetes insipidus would literally inundate 
the reader with watery references However, for want of space, refer- 
ence to several notable surveys, presented from different points of 
view, will indicate the extent of the literature and serve as source 
matenal 

Staemmler,^ in 1932, in an extensive review of the subject up to that 
time, presented evidence indicating that isolated lesions involving the 
posterior and intermediate lobes of the pituitary body or the hypo- 
thalamus may lead to diabetes insipidus Roussy and Mosinger^ and 
Leschke,® in 1933, in separate reviews showed the evidence favoring 
the hypothalamic origin of diabetes insipidus More recently the out- 
standing experimental investigations of Ranson and his group of 
workers ^ have drawn together the loose ends and have tended to present 

From the Jewish Hospital and from the John L Eckel Memorial Laboratory 
of Neuropathology 

Read before the Section on General Medicine of the College of Physicians of 
Philadelphia, April 25, 1938 

1 Staemmler, M Diabetes insipidus und Hypophyse, Ergebn d allg Path 
u path Anat 26 59, 1932 

2 Roussy, G , and Mosinger, M Le tuber cmereum et son role dans les 
principals fonctions du metabohsme, metabolisme de I’eau, des glucides et des 
lipides, Ann de med 33 193, 1933 

3 Leschke, E Diabete insipide et systeme hypothalamo-hypophysaire, Ann 
de med 33 261, 1933 

4 (a) Fisher, C , Ingram, W R , and Ranson, S W The Relation of the 

Hypothalamico-Hypophyseal System to Diabetes Insipidus, Arch Neurol & Psy- 
chiat 34 124 (July) 1935 (&) Fisher, C , Ingram, W R , Hare, W K, and 


(Footnote continued on next page) 
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a harmonious concept of the pathogenesis of diabetes insipidus They 
have said 

The evidence from this investigation supports the theory that diabetes insipidus 
IS a hormonal disturbance, caused by a deficiency in the secretion of the anti- 
diuretic principle by the pituitary gland The view is set forth that the supra- 
optico-hypophyseal system sends secretory impulses to these divisions of the 
hypophysis and that damage to this system at one of three points, the nucleus, 
the fiber tract and the pars intermedia and pars neuralis, results in diabetes 
insipidus 

Findley ° (1937) has traced the origin of the conflicting theories con- 
cerning diabetes insipidus and has shown the relation of this disorder 
to the function of the thyroid gland 

Diabetes insipidus, representing a disturbance in the normal func- 
tioning of the supraopticohypophysial system, may be due to many 
conditions which implicate that system Fink® (1928), reviewing the 
necropsy records of 107 patients with diabetes insipidus, cited the fol- 
lowing etiologic factors functional nervous disturbances, such as 
hysteria, migraine, epilepsy and severe fright, pregnancy, injuries to 
the base of the skull , syphilitic basal meningitis , tuberculous meningitis , 
convalescence from acute infectious diseases, epidemic encephalitis, 
tumors of the midbrain, the hypophysis and the region of the third 
ventncle, metastatic lesions involving the posterior lobe of the pitui- 
tary body and gliomas of the optic chiasm Of the 107 patients, 63 
per cent had a tumor at the base of the brain or in the posterior 
cranial fossa which involved more than one structure at the base of 
the brain and hence was not of localizing value as regards the appear- 
ance of diabetes insipidus 

Ranson S W The Degeneration of the Supraoptico-Hypophyseal System m 
Diabetes Insipidus, Anat Rec 63 29, 1935 ( c) Ingram, W R , and Barns, R 

W Diuresis Associated with Direct Stimulation of the Hypophysis, Endo- 
crinology 19 432, 1935 (d) Ingram, W R , Fisher, C, and Ranson, S W 

Experimental Diabetes Insipidus in the Monkey, Arch Int Med 57 1067 (June) 
1936 (e) Fisher, C, and Ingram, W R The Effect of the Feeding of Thyroid 

Extract or Salt and of Thyroidectomy on the Fluid Exchange of Cats with 
Diabetes Insipidus, ibid 58 117 (July) 1936 (f) Ingram, W R, and Fisher, 

C The Relation of the Posterior Pituitary to Water Exchange in the Cat, Anat 
Rec 66 271, 1936 (ff) Fisher, C , and Ingram, W R The Effect of Inter- 
ruption of the Supraoptico-Hypophyseal Tracts on the Antidiuretic, Pressor and 
Oxytoxic Activity of the Posterior Lobe of the Hypophysis, Endocrinology 20 
762, 1936 (/i) Fisher, C The Site of Formation of the Posterior Lobe Hor- 
mones, ibid 21 19, 1937 0) Ingram, W R , and Fisher, C The Effects of 

Thyroidectomy, Castration, Anterior Lobe Administration and Pregnancy upon 
Experimental Diabetes in the Cat, ibid 21 273, 1937 

5 Findley, T Thyroid-Pituitary Relationship in Diabetes Insipidus, Ann 
Int Med 11 701, 1937 

6 Fink, E B Diabetes Insipidus A Clinical Review and Analysis of 
Necropsy Reports, Arch Path 6 102 (July) 1928 
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In 14 per cent of the cases reviewed by Fink there was a discrete 
metastatic carcinomatous nodule limited to the posterioi lobe of the 
hypophysis or to the infundibulum He stated, “When polyuria develops 
111 a case of malignancy, it is almost a pathognomonic sign of a metas- 
tasis in the posterior lobe of the hypophysis ” In view of the evidence 
that involvement of any portion of the supraopticohypophysial sys- 
tem may produce diabetes insipidus, it is well to consider the occurrence 
of polyuria in a patient with a malignant giowth as an indication of 
metastatic invasion of the whole or of a part of that system 

Since the publication of the review of case reports collected from 
the literature by Fink,® other cases have been repoited in which diabetes 
insipidus occurred in patients with metastatic lesions involving the 
h}'pothalamicoh 5 ^pophysial system Futcher reported a case of dia- 
betes insipidus due to metastatic involvement of the hypothalamus (the 
pituitary body remaining entiiely free from metastasis) secondaiy to 
primary carcinoma of the lung Elmer, Kedzierski and Scheps ® 
reported a case of hypernephroma with metastasis to the h 5 fpothalamus 
producing diabetes insipidus Giassmann® descnbed a case of diabetes 
insipidus following caicinoma of the breast m which metastatic lesions 
occurred in the posterior lobe of the pituitary body# and in the tuber 
cinereum, with little involvement of the anterior lobe and none of the 
diencephalon Arnstein,’-® wdio has stated the belief that the posterior 
lobe of the pituitary body is intimately associated with control of W'atei 
metabolism, reported 4 cases of diabetes insipidus resulting from meta- 
static carcinosis of the posteiior lobe of the pituitary body In two of the 
cases the condition was secondary to carcinoma of the breast, and in 2 
other cases it was secondary to bronchogenic carcinoma Multiple metas- 
tases to the brain developed m 2 cases The posterior lobe was involved 
in all the cases, the stalk in 2 cases, the anterior lobe in 2 cases and the 
capsule in 1 case In a report of 3 cases of diabetes insipidus Biggart 
described 1 case that was due to multiple carcinomatous metastases to 
the brain, involving the wdiole of the posterior lobe of the pituitai} 

7 Futcher, T B Diabetes Insipidus and Lesions of the Mid-Brain Report 
of a Case Due to a Metastatic Tumor of the Hypothalamus, Am J M Sc 178 
837, 1929 

8 Elmer, A W Kedzierski, J, and Scheps, M Em Fall von Diabetes 
insipidus verursacht durch erne Metastase ernes Hypernephroms im Zwischenhirn 
Beitrag zur Pathogenese des Diabetes insipidus, Wien khn Wchnschr 41 591, 
1928 

9 Grassmann, W Diabetes insipidus bei Tumormetastasen in der Hypophyse, 
Frankfurt Ztschr f Path 42 384, 1931 

10 Arnstein, A Diabetes insipidus bei metastatischer Karzmose der H 3 'po- 
physe, namenthch des Hinterlappens bei primarem Bronchus- und Mamma- 
karzmom, Med Khn 29 1679, 1933 

11 Biggart, J H Diabetes Insipidus, Brain 58 86, 1935 
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body, the infundibulum, the h>pothalamus and a small part of the 
anterior lobe of the pituitary body The primary growth was pre- 
sumably m the alimentary tract Macchioro reported a case of meta- 
static bionchogemc carcinoma involving the hypophysial system and 
producing diabetes insipidus In the case of diabetes insipidus reported 
by Uiechia^^ the piimaiy lesion was an alveolar carcinoma of the 
stomach, with metastasis to the entire posteiior lobe of the pituitary 
bod}, a large part of the intermediate lobe and parts of the anterioi 
lobe and tubeial region 

In the light of so much excellent material on this topic, we lay claim 
to justification for presenting the following case report because of the 
unusual features of both hematogenous and lymphogenous metastases 
of a bionchogemc caranoma, the former pioducmg diabetes insipidus 
by involvement of the posteiior lobe of the pituitary body and of the 
infundibulum and the latter lesultmg m involvement of the seious mem- 
branes of the abdominal and thoracic organs with tubercles 


REPORT OF A CASE 


History — W S, a man aged 64 j^ears, a baker, entered the Jewish Hospital 
on Dec 3, 1936, complaining of pol}’-dipsia, polyuria and anorexia of four months’ 
duration His past medical history was unimportant He noticed the symptoms 
in August and several weeks later observed that he was growing weak He ate 
little solid food but drank 3 or 4 quarts (3 or 4 liters) of milk daily, in addition 
to several glasses of water However, there was no loss of weight, the patient 
maintaining his usual average of 160 pounds (72 6 Kg ) There was no pain, 
vomiting, hematemesis or melena 

General Exammation — On admission to the hospital the patient was fairly 
well nourished The routine physical examination revealed no abnormality except 
a coated tongue, a foul breath and an area of bronchovesicular breathing on the 
left side of the chest at the seventh interspace posteriorly The blood pressure 
W'as 120 systolic and 70 diastolic The temperature varied from 97 to 100 F 

Couise — The patient remained in the hospital thirty-five days without show- 
ing any definite improvement The daily urinary output varied from 1,000 to 
4,890 cc One cubic centimeter of solution of posterior pituitary U S P given 
hypodermically on December 10 and 1 cc of solution of posterior pituitary double 
U S P strength on December 12 caused a marked diminution m the excretion 
of urine However, after each injection the patient became apprehensive and 
agitated The pulse rate increased and the face became flushed He subse- 
quently refused all further medication of this nature 

On Jan 7, 1937, the patient left the hospital unimproved, his weight at that 
time being 155 pounds (70 Kg ) 

The following day, January 8, the patient became unconscious while walking 
along the street and was brought immediately to the hospital Exammation dis- 


12 Macchioro, G Su un caso di diabete insipido da tumore metastatico 
della regione ipofisaria, Minerva med 1 668, 1935 

13 Urechia, C I Cancer metastatique de la region hypophyso-tuberienne 
avec diabete insipide. Pans med 2 129, 1936 
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closed rotatory nystagmus and left hemiplegia The blood pressure was ISO systolic 
and 60 diastolic Pulmonary edema supervened, and death occurred at 4 05 
a m the following morning 

Labotatojy Data — Many examinations of the urine showed that the specific 
gravity varied from 1002 to 1010, there was a trace of albumin but no sugar 
On microscopic examination a few white blood cells were observed occasionally 
The volume of urine varied from day to daj', the minimum (1,000 cc ) being voided 
on December 23 and the maximum (4,890 cc ) on December 7 

Eight blood counts from Dec 4, 1936, to Jan 6, 1937, showed that the hemo- 
globin value varied from 85 to 104 per cent, the erythrocyte count varied from 
4,500,000 to 5,350,000 per cubic millimeter, the leukocyte count averaged 8,700 
per cubic millimeter and the average differential count showed 74 per cent 
polymorphonuclear cells, 24 per cent lymphocytes and 2 per cent eosinophils 

Chemical analysis of the blood on December 4 showed a sugar content of 81 
mg per hundred cubic centimeters and a urea nitrogen content of 16 mg A sugar 
tolerance test gave the following values 81 mg during fasting. 111 mg at one- 
half hour, 206 mg at one hour and 111 mg at two hours All specimens of 
urine during this test were free from sugar 

A phenolsulfonphthalein test, made on December 16, indicated a 55 per cent 
output for the first hour and a 10 per cent output for the second hour The 
Fishberg test gave the following results first specimen, 166 cc , w'lth a specific 
gravity of 1010, second specimen, 57 cc, with a specific gravity of 1013, and, 
third specimen, 50 cc , wuth a specific gravity of 1 010 A urea clearance test 
showed a 70 per cent normal function with the first specimen and a 64 per 
cent normal function wuth the second 

Wassermann tests of the blood and spinal fluid ga\e a negatne reaction The 
colloidal gold curve w'as 0000000000 

Fractional gastric analysis showed the following 
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The microscopic study of the \arious gastiic specimens revealed essentially no 
abnormality 

Roentgen studies, including the skull, chest, gastrointestinal tract and gall- 
bladder, w'ere reported as follows 

On December 7 the sella turcica presented a normal appearance There w'as 
no evidence of erosion or destruction of the floor, clinoid processes or dorsum 
sellae No encroachment w'as noted in the phenoid sinus It measured 5 by 10 
mm , which was within normal limits There was slight calcification in the 
pineal gland, which was not displaced in the lateral Mew' There was some 
condensation of bone in the frontal area, which was of no etiologic importance 
as to the presence of any intracranial lesion 

The heart, right lung and diaphragm were normal A dense area in the 
upper field of the left lung was limited to the interlobar fissure and presented 
the appearance of an inflammatory consolidation, presumably subacute inter- 
lobar pleurisy associated with the pneumonitis in the adjacent fields 

The cholecystogram was negative, as was the roentgenogram of the gastro- 
intestmal tract except for signs of an irritable colon 

On January 4 the calcium content of the blood was 112 mg, and the phos- 
phorus content w'as 4 mg per hundred cubic centimeters On January 8 the 



609 


BERNSTEIN ET AL DIABETES INSIPIDUS 

sugar content was 107 mg , the urea nitrogen content was 20 mg and the carbon 
dioxide— combining power was So volumes per cent 

Gloss Postmoifcm Obsavations—The body was that of an obese aged man 
There was no edema of the lower extremities 

There was no excess fluid m the serous cavities A normal amount of light 
amber pericardial fluid was present The parietal pericardium, especially the 
portion covering the left ventricle, showed a number of firm, elevated, grayish 
white, sharply demarcated nodules, 1 or 2 mm m diameter There were no 
nodules on the visceral pericardium except in one area near the base of the 
heart in the region of the interventricular septum 



Fig 1 — Gross specimens of (a) the right and left lungs, (h) heart and 
pericardium, (c and c) diaphragm and parietal peritoneum and (d) serosal sur- 
the left lung showed that the alveoli were filled with large epithelioid cells, varying 
the serous membranes 


The coronar}' arteries showed marked atheroma with sclerosis There was 
no occlusion The aorta showed slight atheromatous change (not syphilitic) 

Both the visceral and the parietal pleura, to a more marked extent on the 
left side, showed numerous elevated, firm, grayish white nodules, 1 to 3 mm in 
diameter, in some instances extending into the pulmonary parenchyma 

In the left lung, in the lower portion of the upper lobe, there was a firm, 
almost completely consolidated area 8 to 9 cm in diameter, which grossly gave 
the appearance of a lobar pneumonic area during the stage of gray hepatization 
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However, it was not moist, so that this grayish white, solidified area appeared 
to be a malignant growth It did not lead directly into a bronchus, on gross 
examination 

The left bronchus, near its bifurcation, showed a firm, grayish white nodule, 
the size of a small pea, extending into the pulmonary tissue This was evidently 
the site of piimar}^ bronchogenic carcinoma The rest of the left lung was 
crepitant and showed moderate congestion and edema No old or recent areas 
of tuberculosis were observed within the pulrnonar 3 ’^ tissue 

The right lung showed marked edema and slight congestion 
There was no free peritoneal fluid The entire parietal peritoneum was 
studded with numerous gray, flattened nodules, 1 to 3 mm in diameter Similar 
nodules were present on both surfaces of the diaphragm These nodules in the 
peritoneal cavity were most numerous on the left parietal wall and extended into 
the pelvic peritoneum covering the serosa of the urinary bladder 

The cecum and ascending colon showed a few nodules, 1 or 2 mm in diameter, 
on the serosal surface The lymph nodes were not enlarged 

The prostate showed slight hyperplasia It was moderatelj firm but did not 
appear grossb"^ to harbor a malignant growth 

The liver was slightly enlarged and showed moderate congestion On the 
posterior portion of the left lobe, near the peripher}', were two grayish yellow 
nodules, 3 and 6 mm , respectively, in diameter, showing slight central umbilication 
The gastrointestinal tract was normal There was no ulceration or evidence 
of malignant growth There weie a few tiny malignant nodules on the serosa 
of the cecum 

The skull revealed no abnormalitj 

The spinal fluid was clear There was cerebral edema, so that the convolu- 
tions were flattened There was marked congestion of the veins on the surface 
of the brain The pituitary body was grossly of normal size The sella turcica 
was normal The blood vessels appeared fibrotic There was an area of recent 
softening in the right hemisphere A small area which resembled a tubercle 
was observed in the cortex in the left upper parietal area An area which also 
lesembled tuberculoma was seen in the temporal lobe on the right side 

Histologic Posfiiwi tern Examination — Sections of the malignant growth in 
the left lung showed that the alveoli were filled with large epithelioid cells, varying 
markedly in size and exhibiting acinar formation These cells contained large 
hyperchromatic nuclei, and many showed mitotic figures Papillary arrangement 
of the cells was noted in other areas The growth was a bronchogenic adenocai- 
cinoma showing marked regressive changes 

Examination of the metastatic nodules in the pericardium, liver, peritoneum and 
other involved organs showed a striking resemblance to the original malignant 
growth in the left lung 

The gross examination of cut tissues of the brain showed highly stained 
metastatic nodules with a predilection for the cortex There was no apparent 
involvement of the white matter The diameter of the nodules varied from 0 5 
mm or less to 6 mm The larger nodules were observed in the motor cortex 
Small metastatic nodules were seen throughout the cerebellum 

The meninges were thickened, and over the sulci the subarachnoid space con- 
tained a cellular exudate consisting of round cells and pigment-bearing histiocytes 
At the periphery of one large nodule in the motor area there was seen for a con- 
siderable distance a single layer of epithelial cells occupying the position of the 
pia This single layer, m all appearances, looked like the epithelial lining of a 
bronchus From this single layer there were invaginations of the epithelial 













Fig 3 — A, section showing the division between the anterior and the posterior 
lobe, with the pars intermedia lying diagonally between the two lobes The upper 
portion shows the metastatic involvement of the posterior lobe, low power B, 
high power view of the metastatic cells in the posterior lobe, showing the char- 
acter of the cells and their arrangement 
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cells which extended into the lamina zonalis, producing what appeared to be 
glandular, tubular formations 

The cells in the nodules were made up of deepb”^ staining nuclei and cjto- 
plasm and were arranged usually in a single lajer in tubular or acinar formation 
The cells were columnar, and others appeared to be flat squamous epithelial 
cells In the cortex there were man3'^ compound granular cells m the areas 
invaded by these nodules The cortical architecture showed a disturbance in the 
number of ganglion cells, wnth small areas devoid of normal cellular elements 
The ganglion cells showed evidence of chronic disease A moderate degree of 
marginal gliosis and increased gliosis of the cortex and subcortex were noted 
Neuronophagia was present to a slight degree The larger vessels showed meta- 
chromasia, involving the media in particular There was no evidence of atheroma 
formation The walls of the vessels of moderate and of small size presented 
hyalinization The capillaries had a thickened endothelium and in the region of 
the metastatic nodules showed this to a marked degree 

In view of the clinical picture of diabetes insipidus, the question of the 
anatomic locations of the various lesions had to be considered The entire pos- 
terior lobe of the pituitary body was completely destroj'ed as the result of 
invasion by carcinomatous tissue Cells in this new tissue were arranged in 
places in acinous formation and in other places w'ere without regular arrange- 
ment The cells were frequently larger than the usual epithelial cell and occa- 
sionall}’- contained large hyperchromatic nuclei, some of which were undergoing 
mitosis While there was fairly sharp localization to the posterior lobe, at its 
connection with the anterior portion slight invasion into the glandular portion of 
the pituitary body was visible For the most part the new grovth was restrained 
within the capsule, but occasionally some of the tumor cells w'ere seen in the 
capsule itself The stalk of the pituitary body w'as filled with metastatic cells 
A comparison of the tumor growth within the pituitary body wnth the original 
lesion in the lung and wnth metastasis to some of the other organs revealed a 
remarkable resemblance 

Serial sections of the hypothalamic region and the region of the third ven- 
tricle were carefully examined for evidences of tumor tissue Microscopic islands 
of carcinoma were present in the entire cerebrum and cerebellum, including the 
meninges The region of the third ventricle and of the supraoptic nuclei, how- 
ever, was entirely free fiom carcinoma There were comparatively recent hemor- 
rhages m this area, but these, because of their recent origin, did not indicate 
any long-standing condition 

Diagnosis — The following diagnosis was made parenchj matous degeneration 
of the heart, coronary atherosclerosis, primary bronchogenic carcinoma of the 
left lung, with metastasis to the pleura, diaphragm, peritoneum, pericardium, liver 
brain and pituitary body, congestion and edema of the right lung, congestion 
of the spleen, chronic atrophic splenitis, nephrosclerosis, congestion of the kid- 
neys, cloudy swelling, congestion and metastatic carcinoma of the liver, slight 
hyperplasia of the prostate, terminal petechial hemorrhages in the subthalamic 
region, cerebral arteriofibrosis, wnth chronic cell change, metastatic bronchogenic 
carcinoma of the brain, and metastatic involvement of the posterior lobe of the 
pituitary body and of the infundibulum 

COMMENT 

This patient entered the hospital presenting only the symptoms oi 
diabetes insipidus The history, the physical examination and the 
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laboiatoiy data gave no definitive clues as to the etiologic factoi 
lesponsible for the distuibance in water metabolism Examination of 
the chest revealed an area of bionchovesicular breathing on the left 
side at the seventh interspace posteriorly This was confirmed by the 
1 oentgenographic findings, which, however, were intei preted as indicat- 
ing inflammatoiy and not malignant involvement There vias no evi- 
dence of a malignant process from an a pi ion consideration In cases 
m which a diagnosis of a malignant piocess has been definitely estab- 
lished, for instance, after operation foi carcinoma of the breast or in 
cases in which an active malignant process has been conclusively dem- 
onstiated by biopsy or roentgenographically, and m which diabetes 
insipidus has supervened, the conclusion is wai ranted, as Fink° has 
maintained, that the supraopticohypophysial system has been involved 
Conversely, on the basis of oui case, diabetes insipidus may be 
considered as the manifestation of a metastatic involvement of the 
supiaopticohypophysial system secondaiy to an undetermined primary 
malignant growth elsewhere, which should be definitely ascertained by 
the clinician or luled out as one of the etiologic factors producing the 
diabetes insipidus 

The assumption of a piimaiy lesion elsewheie and its early appre- 
hension are obviously important as legards therapy Boyd has stated 

Lung tumors tend to spread and the secondary growths may be the first 
announcement that there is anything wrong with the patient Spread is three- 
fold (1) through the lung, (2) to the lymph nodes, and (3) to distant organs 
Spread to distant organs is very common The order of frequency is as follows 
(1) liver, (2) brain and bone, (3) kidnej'- and adrenal, less commonly the pan- 
creas, thyroid, etc , may be involved The brain metastasis is often mistaken 
clinically for a primary cerebral tumor, because the cerebral symptoms may pre- 
cede the pulmonary ones 

In additionTo the amelioiation of the polyuiia by the use of solution 
of posterior pituitary'’, moie lasting benefit may be expected by irradia- 
tion of the metastatic lesion involving the hypothalamicohypophysial 
area, as well as appiopiiate attention to the primaiy malignant giowth 
Desbuquois reported a case of cervical malignant lymphogranuloma- 
tosis in which the growth receded for a peiiod of one y^ear after irra- 
diation of the involved glands, only to be followed with a lecuirence 
complicated by diabetes insipidus Roentgen treatment of the cervical 
lymph nodes and of the pituitary and hy'-pothalamic legion resulted m 
marked amelioration of symptoms, the urinary output decreased from 
12 to 13 liters per twenty-four hours previous to ii radiation to about 2 
liters after ii radiation 

14 Boyd, W Textbook of Pathologj, ed 2, Philadelphia, Lea & Febiger 

1934, pp 484-486 ’ 

15 Desbuquois, M B Sur un cas de h'mphogranulomatose maligne com- 
phquee de diabete insipide, Arch med -chir de Province 26 25, 1936 
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The gloss appeal ance of the metastatic nodules involving the pleura, 
parietal pei icardium and sei ous membranes of the abdominal cavity was 
not unlike that of miliary tubercles, indeed, on macroscopic inspection 
the nodules in the ceiebium and, cerebellum weie fiist thought to be 
tubercles The histologic examination showed them to consist of malig- 
nant cells similai morphologically to those of the pnmaiy bronchogenic 
caicinoma According to Karsnei,^® miliary caicmosis manifests itself 
by innumerable nodules, a few millimeters in diametei, that aie tians- 
lucent and white, that bulge in the cut suiface and that usually are 
situated along the course of the l3anphatic vessels 

The metastatic invasion of the biain in our case was most likely 
hematogenous Winkelman and Eckel,^' in discussing the various 
modes of dissemination of caicinoma to the neivous system, enumerated 
the adherents to the theories of 13'mphogenous and of hematogenous 
dissemination, 01 both, and of spread b3^ direct extension They con- 
cluded, howevei, that metastasis from distant parts (thoracic and 
abdominal organs) can be best explained by assuming that the blood 
stream acts as the channel of tiansmission to the biain They sub- 
stantiated then claim by citing a case of pi unary carcinoma of the 
breast in which cancer cells veie found vithm the blood vessels of 
the biain 

In view of the lepoits 111 the literatuie of the hypothalamic oiigni 
of diabetes insipidus, careful stud3'- of this region was carried out, but 
no evidence of metastasis could be found Theie weie leceiit capillary 
hemorrhages in the ventioniedial h3pothalamic nuclei which, how'evei, 
were teiininal in natuie The entiie posteiioi lobe of the pituitaiy bod3'’ 
and the infundibulum Aveie filled with metastatic caicinoma, part ot 
the capsule and a minute portion of the anteiioi lobe of the pituitar3'^ 
body were also invaded The polyuria in this case, theiefoie, was due 
to infundibuloh3’^poph3"sial involvement alone ' 

SUMMARY AND CONCLUSION 

A case of diabetes insipidus in which the history and clinical study 
failed to reveal the etiologic factoi is piesented 

Postmortem stud3'^ showed piimai3'^ bionchogenic caicinoma involv- 
ing the left lung, with metastasis to the seious membranes of the 
thoracic and abdominal organs and to the cerebium, cerebellum, hypo- 
physis and infundibulum, with spanng of the hypothalamus 

16 Karsner, H T Human Pathology, Philadelphia, J B Lippincott Com- 
pany, 1926, pp 581-582 

17 Winkelman, N W , and Eckel, J L Metastatic Carcinoma of the Cen- 
tral Nervous Sjstem, J Nerv & Ment Dis 66 1 and 133, 1927 
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In the absence of conclusive evidence as to the etiologic factoi in a 
case of diabetes insipidus, it is suggested that a masked malignant 
process be suspected, that an effort be made to establish the primary 
source and that, on an empiric basis, irradiation be gnen to the hypo- 
thalamicohypoph} sial ai ea 

Dr N W Winkelman made the neuropatholcgic stud} 

1813 Delancey Street 
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It IS well known that in cei tain of the domestic animals, notably do^s 
sheep, cats and labbits, gallstones rarely form spontaneously and cannot 
be produced experimentally Schlotthauei and Stalker ^ reported the 
occuirence of bihiubin stones in 2 of 155 dogs studied at autops}’’ Ivy - 
has obser\ed bihiubin stones in only 1 of 500 dogs whose gallbladders 
were opened loutmel}'- Approximately 150 dogs were used duiing the 
course of oui experiments, and calculi were nevei observed The spon- 
taneous occurience of true cholesterol stones in dogs, sheep, cats and 
labbits has not been reported In contradistinction to these animals aie 
certain otheis — chiefly human beings, oxen and hogs — m which biliaiy 
calculi occui fiequently A satisfactory explanation of the diffeiences 
111 the bile of these two gioups of animals would do much toward 
accounting foi some of the factois concerned in the pioduction of 
gallstones 

In 1903 Hailey and Baiiatt^ lepoited a series of obseivations in 
which gallstones from human beings placed in the gallbladdeis of dogs 
dissolved ovei vaiying peiiods These results confiimed the oiiginal 
observations made by Labes ^ a few years pieviously Since the oiiginal 
1 eports, numei ous othei workers ® have obtained similai findings In 

Searle Fellow m Clinical Medicine 

From the Department of Medicine and the Department of Physiolog\, North- 
western University Medical School, and St Luke’s Hospital 

1 Schlotthauer, C F , and Stalker, L K Cholelithiasis m Dogs, T Am 
Vet M A 41 758, 1936 

2 Ivy, A C Peisonal communication to the authors 

3 Harlej , V , and Barratt, W An Experimental Enquirj into the Forma- 
tion of Gallstone, J Physiol 29 341, 1903 

4 Labes, cited by Brockbank, E M On Gallstones, Philadelphia, P 
Blakiston’s Son &. Co , 1896, p 67 

5 Naun 3 m, B A Treatise on Cholelithiasis, translated by A E Gaiiod, 
London, New S 3 denham Society, 1896 Frerichs, F T Klinik der Leber- 
krankheiten, Braunschw'eig, F Vieweg & Sohn, 1861, vol 2, p 487 von Hause- 
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1930 Walsh and Ivy® detei mined the lates of dissolution of human 
gallstones in a large senes of dogs under vaiying conditions They 
concluded that the rate of solution of a human gallstone in the dog’s 
gallbladdei is not significantly altered from the normal by feeding high 
fat, high cholesteiol diets A slight increase in the rate of solution was 
repoited on the addition of bile salts and cod hvei oil to the diet They 
fuithei observed that factors which diminished the flow of bile into and 
out of the gallbladder or which diminished the concentrating power of 
the wall of the gallbladdei, as when cholecystitis with fibrosis was 
produced, decreased the rate of solution In an effort to detei mine 
the essential differences between dog and human bile which would 
account for the solvent capacity of dog bile, additional studies showed 
that the greatest difference between human and dog bile was m the 
latio of the nonsapomfiable (cholesterol) to the saponifiable (fats 
and fatty acids) substances m the bile The concentration of saponifi- 
alile material m relation to the nonsapomfiable material was found 
to be 1 datively low in human bile but veiy high in dog bile They 
concluded that the solubility of cholesterol m bile depends on the 
activity of the bile salts or bile acids in holding the fats and fatty acids 
m aqueous solution or in combining ^Mth them to form soaps at the acid 
pH of the gallbladder 

This lepoit presents additional evidence in support of this hypothesis 
We have of necessity repeated a considerable amount of the woik 
leported by Walsh and Ivy but have extended it, using impioved methods 
in an effort to clarify the problem furthei 

In a previous study we' reported the results of tieatment m 65 
cases of chronic cholecystitis with and without calculi by measures 
uhich were designed to increase the fiee flow of bile Marked subjective 
improvement was observed in those patients who leceived frequent 
feedings of milk and cream up to the point of tolerance to induce 
physiologicall)' the contraction and evacuation of the gallbladder and 

mann, D Die Losungsmoglichkeit der Gallensteine, Virchows Arch f path 
Anat 212 139, 1913 Leon, H Die gallensteinlosende Wirkung des Karlsbader- 
wassers, Deutsche med Wchnschr 40 786, 1914 Glaessner, K Ueber die 
Resorption der Gallensteine, Wien khn Wchnschr 31 549, 1918 Wilhelm, R 
Zur Losungsvermogung der Galle gegenuber Cholesterenstemen, ibid 31 * 696 , 1918 
Harrison, F M , and Barber, W H Effect of Living Gallbladder on Human 
Bihary Calculi, Proc Soc Exper Biol & Med 25 226, 1927 Mirolli, A La 
ipertrofia e la iperplasia della tonaca muscolare della coleciste nelle colecistiti, 
Arch ital di chir 30 314, 1931 

6 Walsh, E L , and Ivy, A C Observations on the Etiology of Gallstones, 
Ann Int Med 4 134, 1930 

7 Brown, CFG, and Dolkart, R E Ketocholamc Acids in the Medical 
Management of Low Grade Gallbladder Disease, JAMA 108 458 fFeb 61 
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ketocholanic acids to stimulate directly the flow of hepatic bile, together 
with antispasmodic medication to decrease the hypei tonicity of the biliary 
and gastro-intestinal tracts which geneially accompanies cholecystitis 
Concomitant with the relief of the subjective manifestations of the dis- 
ease, definite i oentgenologic nnpiovement of the function of the gall- 
bladdei was noted in a laige peicentage of cases Since the fiist repoit, 
55 additional patients have been given this form of treatment ® The 
lesults for this group confirm our pievious findings 

In view of the clinical nnpiovement in patients with disease of the 
gallbladdei noted with medical management to prevent biliaiy stasis and 
to promote emptying of the biliary passages, it was desn ed to determine 
the exact extent of the increase in bile flow obtained by the oral admin- 
istiation of oxidized bile acids 

Table 1 — Choletcfic Action of Mixed Kctocholamc Acids on Oial Administration 
to Dogs zvitli a Cliionic Biliaiy Fistula 



Control Period 


lest Period 


Experiment 

Number 

Dais 

Average 
Daiij Output 
of Biie, Cc 

Dnjs 

Vv'cnge 
Dallh Output 
of Bile, Cc 

Percentage of 
Increase 

I 

4 

86 

4 

109 

26 7 

2 

C 

100 

5 

142 

42 0 

S 

4 

57 

4 

80 

40 3 

4 

3 

93 

11 

104 

11 8 

6 

4 

81 

4 

119 

46 9 

ef 

14 

408 

0 

487 

39 3 


* The dose ■i\as 22 5 grains (1 5 Gm ) per day 

t In experiments 1 to S the animals were sham feeding dogs with a biliary fistula, prepared 
aceording to the method of Kocour and Ivy Dog C was prepared bv the same method but was 
not a sham feeding dog It differed from the 5 others however, in that it was maintained with 
constant suction on the tube in the common bile duct All the dogs had a constant Intahe of 
food and fluid during the control and test periods Bile vas returned to each of the animals 
through a tube into the jejunum in constant amount during the control and test periods 


For this purpose dogs with biliary fistulas were prepared,® a modified Rous- 
McMaster procedure being used after the gallbladder had been removed In order 
to maintain the animals in as normal a physiologic state as possible, provision to 
return part of the bile collected through the fistula was made by the insertion 
of a catheter into the jejunum Four dogs with a chronic bilary fistula were 
used m the experiments The results are shown in table 1 All the animals were 
maintained on a constant intake of food and fluid during the periods of observation 
The amount of bile returned during the control and test periods was constant 
for all the animals In experiment 6 constant suction was maintained in the tube 
leading into the common duct during the control and test periods, after the method 
described by Kocour and Ivy 

8 Alock, H E , Brown, CFG, and Dolkart, R E The Conservative 
Treatment of Gallbladder Disease, Surg, Gynec & Obst 66 79, 1938 

9 Dr E I Kocour prepared these dogs, and F W Gorham assisted with 
the experiments 

10 Kocour, E J, and Ivy, A C To be published, personal communication 
to the authors 
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The intravenous action of oxidized bile acids has been studied by 
numerous investigators/^ but there have been few reports of the degiee 
of choleresis which is obtained with oral administration It was 
observed that the oial administration of oxidized oi ketobile acids 
produced consistent choleresis, increasing the bile flow from 11 8 to 
46 9 per cent The intravenous action of mixed oxidized bile acids 
(3,7,12-triketocholanic, 3,7-diketocholanic, 3,12-diketocholanic and 
3-ketocholamc acid) was found to be moie marked, as would be 
expected Injection of 7 to 50 mg per kilogram of body weight to 
dogs with an acute biliary fistula was found to increase the bile flow 
from 53 5 to 278 1 per cent Injection of 250 mg per kilogram of body 
weight resulted m an inciease of 457 6 per cent in the bile flow 

In view of previous observations of the dissolution of the human 
gallstone when placed in the gallbladder of the dog, we wished to 
determine next whethei the noimal rate of dissolution in the dog 
could be altered by placing the animal on a regimen to increase the 
flow of bile similai to that recewed by the series of patients undei 
our observation 

Through an abdominal incision a stab wound was made m the fundus of the 
gallbladder after aspiration of the bile contained therein A human gallstone, 
that had been weighed, was then inserted, and the opening was closed with a 
purse string suture After an interval of sixty-five days each dog was killed, 
the cystic duct was ligated and the gallbladder was removed The stones or 
fragments thereof were again weighed, and the loss of weight was determined 
Eighty-eight dogs were used in the experiments, 76 of which survived the 
duration of the sixty-five day period of observation For statistical and com- 
parative purposes the animals were divided into three groups For the first series 
of animals (14 controls and 20 treated animals) a miscellaneous assortment of 
gallstones obtained from the gallbladders of various human beings was used 
For the second group of animals (10 controls and 21 treated animals) human 
gallstones were used which were obtained from one gallbladder For the 11 
animals in group 3, stones obtained from one gallbladder were used In groups 
2 and 3 we attempted to eliminate from the experiment the variable due to 
differences in gallstones obtained from different gallbladders, assuming that 
stones obtained from one gallbladder are of similar character Table 2 shows 
the results of these experiments 

It will be observed that m the first group of animals, in which mis- 
cellaneous stones were used (group 1, A and B), a considerable increase 
in the rate of dissolution occurred m the dogs which received ketocho- 
lanic acids to inciease the biliary flow When we attempted to repeat 
this experiment under conditions that were better controlled, that is, by 

11 Neubauer, E Dehydrocholsaure, eine wirksaures ungiftiges died der 
Gallensauregruppe, Klin Wchnschr 2 1065, 1923 Adler, A, and Schmid, E 
Diagnostische und therapeutische Verwendbarkeit der Gallenssaures der Leber 
und Gallenblase, Fortschr d Therap 1 733, 1925 

12 Ketochol was used, being supplied by G D Searle & Co , Chicago 
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elimination of the variable due to the use of miscellaneous stones (group 
2, A and B), we were unable to confirm our previous results 

However, the material used in these two sets of experiments dif- 
fered, in that that used in the second set had been further processed and 
purified and a residue of impure material had been removed When 
the second set of experiments (group 2, A and B), in which stones from 
one gallbladder weie used, failed to confirm the original findings, it 
was at first thought possible that the change in the puiity of the keto- 
cholanic acids might have had some bearing on the lesults In an 
effort to check this possibility an additional gioup of animals (group 


Table 2 — Composite Table of the Results of Solution of Human Gallstones in 

the Gallbladdei of the Dog 



Num 

ber 


Average 

Grig 

inal 

Aver 

age 

Dinal 

Aver 

ago 

Doss of 

Aver 

age 


Tj pe of 

of 


Weight, Weight, Weight, 

Loss, 

Drobable 

Stone 

Dogs 

Treatment 

Gm 

Gm 

Gm 

% 

Lrror 

Group 1 

A Misc 

14 

Controls, gncn stock diet only 

0 316 

0 093 

0 209 

73 3 

±5 610 

B Misc 

20 

stock diet plus 22 5 grams (1 5 
Gm ) of kotocbolnnio acid daily 

0 281 

0008 

0 278 

98 0 

±0 014 

Group 2 

A MRl 

10 

Controls, gncn stock diet only 

0 4SC 

0 073 

0 410 

83 7 

±2 330 

B JJRl 

10 

Stock diet plus 22 5 gtains (15 
Gm ) of ketoebolanie acid daily 

0 4SS 

OOSC 

0 402 

83 5 

±2 540 

C MRl 

6 

Stock diet plus 33 75 grains (2 2 
Gm ) of ketocholamc acid daily 

0 353 

0 061 

0 311 

82 0 

±4 030 

D MRa 

5 

Stock diet plus 30 grains (2 Gm ) 
of ketocholamc acid residue daily 

0 325 

0 028 

0 297 

913 

±1 960 

Group 3 

A W 

G 

Controls, gncn stock diet only 

0 426 

0 078 

0 354 

836 

±5190 

B W 

5 

Diet high unsaturated fat 3 times 
daily, high in protein, high in 
tryptophan, plus 33 75 grains (2 2 
Gm ) of ketocholamc acid daily 

0 323 

0006 

0 317 

98 5 

±0 607 


* The duration of the period of observation was sKty 11\ e days 


2, C) weie given a sample of unpurified ketocholamc acids piepaied 
exactly as for the animals in group 1 In addition, another gioup of 5 
animals (group 2, D) were given an equivalent quantity of the impuie 
residue in place of the ketocholamc acids It will be observed that in no 
instance was there any significant alteiation from the normal rate of 
dissolution ^ 

With the third group of animals we made an effort to bring about the 
interaction of seveial factors, all of which should theoretically have a 
definite effect m influencing the rate of dissolution of the gallstones 
The first factdT-.in^the therapy was designed to increase the flow of 
bile For this purpose The animals received linseed oil three times daily, 
because of the well established observations that fat in the duodenum 
causes evacuation of the gallbladder Linseed oil was chosen because 
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the effect of an unsaturated fat was desired In addition, the animals 
received ketocholanic acids by mouth to stimulate the increased produc- 
tion of bile by the liver 

The second factor m the therapy was an effort to increase the 
production of bile salts by bringing certain metabolic factois into play 
Whipple and his co-workers have shown that m dogs the output of 
bile salt IS fairly constant with uniform dietary conditions Fasting was 
found to, reduce the output of bile salts to low levels Smith and Whip- 
ple 111 further studies demonstrated that meat oi meat products fed to 
dogs with a biliar}'- fistula resulted m an increased production of whole 
bile and a twofold to threefold increase m the output of bile salts In 
attempting to asceitam the essential factor m food protein, furthei feed- 
ing experiments were earned out, gelatin being used as the basic pio- 
tem The}^ found that gelatin feeding supplemented by the addition of 
tryptophan pioduced a sustained rise m the output of bile salts 

The animals of gioup 3 m oui experiments weie given, therefore, m 
addition to a regimen to increase the flow of bile, a diet which was 
high m protein and high m tryptophan m an effort to increase the pro- 
duction of bile salts, as suggested by Whipple Although the table 
shows there was an increase of approximately 15 pei cent m the rate of 
dissolution of the stones m the tieated dogs, we do not considei this to 
be statistically significant m view of the probable error of the expeii- 
ment Three of the control dogs sho^^ed 90 per cent or greatei dissolu- 
tion, and the remaining 3 controls brought the average down to 83 6 
per cent 

These results show that no significant difteience could be demon- 
strated m the rate with which dogs noimally dissolve human gallstones, 
despite several variations in therapy Our findings are much in agree- 
ment with those reported by W alsh and Ivy, although the}'’ suggest that 
slightly increased dissolution was obtained by the addition of bile salts 
and cod liver oil to the diet Two possible conclusions may be drawn 
First, either the therapy was ineffective in achieving any significant 
alteration of the constituents of the bile or an increase of the flow of bile 
IS not a pertinent factor to inci easing the rate of dissolution The second 
possible conclusion is that m the normal dog the bile m the gallbladder is 
of such solvent character that it works at optimum capacity and is 

13 Smith, D P , Groth, A H , and Whipple, G H Bile Salt Metabolism 
I Control Diets, Methods, and Fasting Output, J Biol Chem 80 659, 1928 

14 Smith, H P , and Whipple, G H Bile Salt Metabolism II Influence 
of Meat and Meat Extractives, Liver and Kidnej, Egg Yolk and Yeast in the Diet 
J Biol Chem 80 671, 1928 

15 Whipple, G H , and Smith, H P Bile Salt Metabolism III Tryptophane, 
Tyrosine, and Related Substances as Influencing Bile Salt Output J Biol Chem' 
80 685, 1928 
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consequently not atfected b)'' therapy In the light of the studies of 
Walsh and Ivy, we believed the latter to be more probable 

We wished to determine next whether there is any essential difference 
in the stone-solvent properties of the bile in the gallbladdei of the 
group of animals which form gallstones spontaneously and of animals 
in which they do not occur If there was a difference in stone-solvent 
properties of the bile of these animals, we wished to determine which 
fraction of the bile was responsible and whether this could be correlated 
in any way with the great solvent capacity of dog bile 

The first factor to be studied in this connection was the role of the 
ps. of the bile To Carry on these investigations we pei formed in vitio 
experiments, using in general the procedure described by Walsh and Iv}'’ 

Human gallstones, similar m character and obtained from one gallbladder, were 
weighed, wrapped in gauze to prevent mechanical injury and suspended in flasks 
to which was added either acid or alkaline bile These flasks were then placed 
in a mechanical shaking device operating at a speed of 25 to 30 half revolutions 
per minute The stones were shaken continuously for seven days in a constant 
temperature chamber at 39 C Seventy experiments were carried out with human, 
dog and ox bile which had been buffered to maintain a />n of 4 5 to 5 for half 
of the experiments and a />h of 8 4 to 9 for the other half Other studies were 
carried out in which the pn of the bile in the gallbladder of the dog was measured 
at the time of the insertion of a human gallstone and sixty-five days later, when 
the stone was removed 

No statistically significant difference was observed m the relative 
solvent action of acid and of alkaline bile fiom the ox, the dog and 
man on human gallstones of the mixed cholesterol variety These 
findings were not in agreement with the conclusions drawn by Feldman, 
Morrison and Krantz from their observations that the human gallstone 
dissolved in the gallbladder of the dog, which was an acid bile, but did 
not dissolve in the gallbladder of the guinea pig, which has an alkaline 
bile They concluded that the pn of the bile is the important factor in 
determining whether or not a human gallstone will dissolve m an animal’s 
gallbladder On the basis of our studies and the examination of their 
data, we believe their conclusions to be unwari anted 

Other experiments were cai ried out in vitro by the technic described, 
in which solutions of bile salts were used as the mediums in which the 
gallstones were shaken Table 3 shows the lesults of these miscellane- 
ous experiments In the course of these studies in shaking human 
gallstones, it was observed that there were certain experimental diffi- 

16 Dolkart, R E , Jones, K K , and Brown, CFG The Relation of the 
Hydrogen Ion Concentration of Bile to the Formation of Gallstones, Am J 
Digest Dis & Nutrition 4 587, 1937 

17 Feldman, M , Morrison, S , and Krantz, J C Etiology of Gallstones, 
Am J Digest Dis & Nutrition 4 13, 1937 
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culties In the first place, it was difficult to obtain a sufficient number of 
human gallstones from one gallbladder to make an adequate number of 
comparative expeiiments In the second place, there was considerable 
vaiiation in the size and m the weight of the stones obtained fiom the 
same gallbladder, so that there was no constancy of surface area in 
contact with the dissolving solution In the third place, it was believed 
that even though stones were obtained from the same human gallbladder 
there was no assurance that they were of exactly the same composition, 
m which case the number of experimental variables would be further 
increased To overcome these difficulties, four thousand human gall- 


Table 3 — Composite Table of Results of Shaking Human Gallstones m Vitio at 
39 C at Tzventy-Fwe to Thiity Half Revolutions pei 
Minute for Seven Days 



Stones A 

Stones B 

Stones C 

A 

Stones D 

A 

Solution Used 

r 

No of 
Expcr 

Loss of 
Weight, 
% 

No of 
Exper 

Loss of 
Weight, 
% 

No of 
Exper 

Loss of 
Weight, 
% 

No of 
Exper 

Loss of 
Weight, 

1% solution of sodium 
glycocholate in 5 % 
sodium carbonate 

17 

— 4 34 + 
0 9S5 

25 

—5 52 
0177 



12 

—5 20 + 

0 395 

1% solution of sodium 
salts of mixed keto 
cholanic acids, pn 8 3 

24 

—2 01 + 
0 553 

10 

—2 67 + 
0 072 

20 

—3 82 + 
0 728 

8 

—2 88 + 
1605 

1% solution of mixed 
ketocholanic acids m 
5% sodium carbonate 

30 

—7 67 + 
0 072 

30 

—2 91 + 
0170 

16 

—3 45 + 
0 480 

4 

-3 80 ± 

0 548 

1 % solution of bile 
salts, fatty acid 
residue t 

12 

—2 73 + 
0140 

10 

—0 72 + 
0 0S3 



8 

—184 + 
1221 

1% solution of iron 
bile salts, mixture 

5 

—11 29 + 
0 799 

5 

—6 15 + 
0 219 





Distilled -vrater, control 12 

— 0 20 + 
0 096 

10 

—0 73 + 
0 060 



12 

—0 51 + 

0 609 


* The gallbladders from -which the stones 'irere obtained are designated by letters A, B, C 
and D 

t See the discussion of the methods and materials 


Stones of mixed variety were collected These stones had been removed 
either at operation or at autopsy, and were prepaied as follows 

The stones were pulverized, the powder was thoroughly mixed and the material 
was run through a pharmaceutic tablet press under considerable pressure It was 
found that the pulverized material had adequate cohesive power, and the addition 
of starch or other binders was unnecessary The gallstone tablets thus obtained 
were of uniform size, density and composition The variations in weight between 
a large number of tablets was extremely small Analysis of the tablets showed 
them to contain 70 6 per cent cholesterol Eighteen hundred and forty compara- 
tive experiments were performed with the standardized gallstone tablets prepared 
by this method Twenty tablets were shaken separately in each of the solutions 
indicated in the accompanying tables, the average loss of weight was determined 
and the probable error was computed The accompanying figure shows the tablets 

which were not shaken as compared with tablets in various stages of dissolution 
after shaking 
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Owing to the fact that the gallstone tablets weie prepaied from the 
mixed variety of human gallstones, it would be theoretically possible foi 
the various solutions employed to dissolve out the noncholesterol com- 
ponents We checked this factor by detei mining the cholesterol content 
of the tablets and by compaiing these figures with those obtained foi 
tablets which were not shaken The lesults showed that most of the 
losses in weight in each case could be accounted foi by the decrease in 
the cholesterol content The question may well arise at this point as to 
whether the cholesterol actually went into solution oi whether it was 
merely dispeised in the shaking solutions Fiom otii data it appeals 
that the former was the case We are, howevei, studying this phenom- 
enon further in another group of expeiiinents 

In attempting to detei mine the factors concerned m the dissolution of 
cholesterol gallstones in animal bile, the bile obtained from the ox and 
the hog, animals which foim gallstones, was compaied with the bile 
obtained from the sheep and the dog, animals which do not form gall- 
stones Table 4 shows that undiluted bile fiom the gallbladdei of each of 



The top row of gallstone tablets have not been shaken The bottom row of 
tablets have been shaken and dried and are m various stages of dissolution 

these animals had a definite solvent capacity under the uniform condi- 
tions of the experiments Dilution with distilled watei lesulted eithei 
m a total loss or in a marked i eduction of the solvent powei A fresh 
portion of the bile from each of these animals was then exti acted with 
an equal volume of 95 per cent alcohol, which separated it into two 
fractions The alcohol-insoluble fraction was filtered out, the alcohol 
evaporated off and the residuum taken up in distilled water in the 
concentrations indicated in the table In no instance did the alcohol- 
insoluble fraction, consisting chiefly of protein, mucin and inorganic 
salts, manifest any significant dissolving powei 

Shaking experiments were next earned out, the alcohol-soluble fac- 
tions being used as the shaking mediums Before the stones weie 
shaken in these fractions, the alcohol was evaporated off, and by the 
addition of distilled water, the remaining alcohol-soluble mateiial was 
brought to a concentration equivalent to that in which it occurred in the 
bile Stones shaken in this fi action showed considerable dissolution In 
some instances this was either equal to or greater than the dissolution 
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occuiimg in the undiluted whole bile When the alcohol-soluble fi action 
was saponified, two moi e bile fractions were obtained The nonsaponifi- 
able fi action, consisting of appi oximately 80 per cent cholesteiol, was 
found to be so highly insoluble that it could not be used as a meduim in 
which to cairy out shaking expeiiments When stones were shaken in 
the saponifiable or fatty acid fraction, however, the solvent powei was 
found to be either quantitatively equal to or gi eater than that of undi- 
luted bile 

On the basis of these findings it appeals that the solvent capacity 
of bile can be isolated in the saponifiable or fatty acid fi action We 
wished to deteimine next whether theie was any coi relation between the 


Table 4 — Dissolution of Standai dised Gallstone Tablets Made fiom Human 
Gallstones m Vaiious Fi actions of Animal Bile‘s 



Ox 

Hog 

Sheep 

Dog 


Gallbladder 

Gallbladder 

Gallbladder 

Gallbladder 

Bile Fraction 

Bile, % 

Bile, % 

Bile, % 

Bile, % 

Ondiluted bile 

— 7 50 ± 0 371 

— 7 87 ± 0 133 

— 5 29 ± 0 467 

—11 20 ± 0 143 

Bile diluted 1 5 with distilled 
water 

— 0 07 ± 0 091 

—4 24 dr 0 105 

— 2 82 ± 0 368 


Bile diluted 1 10 with distilled 
water 

— 0 07 ± 0 145 

— 2 75 ± 0 095 

— 2 30 ± 0 152 


Alcohol insoluble fraction, 
equivalent to normal con 
centration 

•fO SI ± 0 320 

— 1 4S ± 0 OCS 

— 0 26 ± 0 168 

— 3 30 ± 0 212 

Alcohol insoluble fraction, 
concentrated 5 times 

— 1 20 ± 0 341 

— 3 68 d: 0 165 

— 2 14 ± 0 200 


Alcohol-soluble fraction, 

equivalent to normal con 
centration 

— 4 S7 ± 0 200 

— 8 79 ± 0 324 

-8 79 ± 0 525 


Alcohol soluble saponifiable 
fraction, equivalent to nor 
mal concentration 

— 7 17 ± 0 276 

—12 41 ± 0 302 

— 9 30 ± 0 196 

—15 20 db 0 254 


Each figrure represents the average percentage of loss of weight for twenty experiments 
made simultaneously, with the probable errors determined All the experiments show the 
result of one week of shaking at 25 to 30 half revolutions per minute at 39 O 


lelative amounts of saponifiable mateiial piesent in the bile of these 
animals Table 5 shows the result of the analyses performed on samples 
of the animal biles used in the shaking experiments It will be obseived 
that the lelative latio of saponifiable to nonsaponifiable mateiial was 
\eiy high for the dog and the sheep but low foi the ox and the hog 
Other analyses of bile fiom human gallbladders showed that this latio 
was even lower (15 1) than that found for these two species of stone- 
foimmg domestic animals 

In view of these obseivations, confiimmg the findings of Walsh 
and Ivy and of the numerous reports in the literature which ascribe the 
chief role m maintaining cholesterol in solution to the bile salts and bile 
acids, an additional gioup of shaking experiments were made m which 
the lelative solvent action of various bile salts could be compared with 
that of fatty acids on an equitable basis These results are shown m 
table 6 and will be discussed further It should be noted at this point. 
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howevei, that in no instance did the solvent action of any of the bile 
salts approach that of any of the fatty acids used in the expeiiments 


Table S — Quantitative Analyses of Animal Biles Used foi 
Fi actionahng Expeiiments f 



Ox 

Hog 

Sheep 

Dog 


Galibladder 

Gallbladder 

Gallbladder 

Gallbladder 


Bile, Gm 

Bile, Gm 

Bile, Gm 

Bile, Gm 

Determination 

per 10 Cc 

per 10 Cc 

per 10 Cc 

per 10 Cc 

Total solids 

1 2760 

1 5600 

1 2190 

2 5520 

Total ash 

01335 

0 0790 

01120 

0 0970 

Alcohol insoluble matenal 

0 0350 

01793 

0 0370 

01930 

Nonsaponiflable fraction 

0 0100 

0 0190 

0 0060 

0 0112 

Cholesterol 

OOOSO 

0 0100 

0 0015 

0 0113 

Saponifiable fraction 

00630 

OlOSO 

0 0773 

0 2350 

Bile salts, determined as cholic acidt 


0 0600 

0 3100 

11500 

Ratio saponifiable to nonsaponiflable 
fraction 

• 

63 1 

56 1 

12 9 1 

20 3 1 


* All the samples mere of summer bile The analjses for ox bile ■«cro made on an aliquot 
sample from 5 gallons of fresh beef bile obtained from the stockyards The analyses for 
hog bile were made on an aliquot sample from 3 gallons of fresh hog bile obtained from the 
stockyards The analyses for sheep bile ■nore made on an aliquot sample of 2 gallons of 
fresh sheep bile obtained from the stockyards At SO cc of bile per sheep, 'which is the 
average content of the sheep gallbladder, this represents the bile of 253 sheep The dog bile 
was obtained from a largo number of laboratory animals 

■i All the figures represent analyses of 10 cc samples, with all determinations in duplicate 
} Method of Eeinhold and Wilson (J Biol Chem 9G 637, 1032) 


Table 6 — Dissolution of Standaidised Gallstone Tablets Made fiom Human 
Gallstones in Vaiious Solutions of Bile Salts and Fatty Acids 



Bercentage 

Percentage 

Percentage 


with 1% 

with 5% 

with 10% 

Solution 

Concentration 

Concentration 

Concentration 

Sodium glycocholate 

— 2 99 -4- 0 074 

— 9 60 + 0 341 

—17 50 + 0 415 

Sodium taurocholate 

— 3 90 -1- 0 133 

-12 30 + 0 216 

—22 30 + 0 419 

Sodium cholate 

— 5 10-+- 0110 

—19 90 + 0 482 

—34 50 + 0 526 

Sodium desoxycbolate 

— 230 + 0071 

—19 10 + 0 433 

—18 60 + 0331 

3Iixed bile salts (Wilson) 

— 4 90 + 0 154 

— 7 71 + 0 147 

—15 70 + 0 890 

Bile salts mixture with iron (Lilly) 

— 4 10 + 0 093 

— 5 20 + 0 119 

— 3 SO + 0 219 

Sodium dehydrochoiate (sodium salt of 3, 7, 

12 triketocholanic acid) 

— 0 34 + 0 040 

— 1 47 + 0 097 

— 2 09 + 0094 

Sodium dehycrodesoxycholate (sodium salt 




of 3, 12 diketocholanic acid) 

— 2 13 + 0 067 

— 3 69 + 0 127 

— 4 99 + 0 148 

Mixed ketocholanic acids (Searle) 

3% sodium carbonate, control 

— 5 80 + 0 161 

—10 32 + 0 154 

— 0 66 + 0 305 

—11 52 + 0 080 

Sodium linoleate, 39 C 

—11 24 + 0 283 

-16 62 + 0 460 

—20 78 + 0 473 

Sodium oleate, 39 C 

—22 50+0 499 

—36 50 + 0 455 

—49 00 + 0 469 

Sodium oleate, 70 0 

—33 80 + 0 422 

—64 60 + 0 716 

-—76 60 1 070 

Sodium laurate, 70 C 

—52 10 + 0 325 

—67 85 + 1 032 

—100 00 + 0 000 

Sodium stearate, 70 C 

—32.40 + 1 120 

—48 60 + 1 310 

—57 60 + 1 201 

Sodium mynstate, 70 0 

—48 60 + 0 033 

—71 10 + 0 880 


Sodium palmitate, 70 C 

—1310 + 0 303 

—53 40 + 0 654 

—02 20 + 0 519 

Sodium lauryl sulfonate, —39 C 

—27 30 ± 0 269 

—31 83 + 0 796 

—32 42 ± 0 151 

Lecithin in water, —39 C 

— 1 64 + 0 077 

— 1 06 ± 0 103 



* Each figure represents the average percentage of loss of weight in twenty experiments 
made simultaneously, with the probable errors determined All the experiments are the 
results of 1 week of shaking at 25 to SO half revolutions per minute at 39 O Some of the 
experiments were made at a temperature of 70 O and are so indicated All bile salts and bile 
acids were dissolved m a 5 per cent solution of sodium carbonate, fatty acids m sodium 
hydroxide added in sufficient amount to bring the pn of the solution to 8 3 


In comparing the relative activity of the various bile salts used, on 
fiist inspection it appealed that peihaps the leason sodium cholate 
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showed the gieatest solvent capacity was that the solutions used were 
prepared as percentage concentrations lather than as molar solutions 
Recalculation of the data on the basis of the relative molar concentra- 
tions, howevei, showed that there was no con elation 

Table 7 shows the relative action of the solutions containing both 
bile salts and fatty acids, each m 5 per cent concentration It will be 

Table 7 — Dissolution of Standai dised Gallstone Tablets Made from Human 
Gallstones in Solutions Containing 5 pei Cent Sodium GlycocJiolate 
Mixed zvith 5 pei Cent Fatty Acids as Soaps (pa 8 3)' 


Tem 

pera 

ture, 


Solution C 

Sodium laurate and sodium glycocho 
late 70 

Sodium palmitate and sodium glyco 
cholate 70 

Sodium stearate and sodium glyco 
cholate 70 

Sodium oleate and sodium glycocho 
late 70 

Sodium oleate and sodium glycocho 
late SO 

Sodium linoleate and sodium glyco- 
cholate 30 


Percentage of Percentage of 
Dissolution, Only Dissolution, Only 


Dissolution, 

% 

the Soap (5%) 
Being Used 

the Bile Salt (5%) 
Being Used 

— 53 35 + 0 377 

—07 85 + 1 032 

— 9 61 + 0 182 

—48 00 ± 0 512 

— 53 40 + 0 054 

— 9 61 + 0 182 

—41 92 ± 0 209 

—48 60 + 1 310 

— 9 61 + 0 182 

—50 30 + 0 809 

—04 00 + 0 710 

— 9 61 ± 0 182 

—29 90 ± 0 185 

—36 50 + 0 455 

— 9 60 + 0 341 

—33 00 ± 0 230 

—16 62 + 0 409 

— 9 60 + 0 341 


* Eaeh figure represents the average loss of rveight of twenty stones shaken for one weel., 
at 25 to 30 half revolutions per minute, at the temperature Indicated 


Table 8 — Con elation of Relative Activity of Fatty Acids as Soaps on 
Basts of Then Molai Concent) ations 


Fatty Acid Soap 

klolecular 

Weight 

"Melting 
Point of 
PatU Acid, 
C 

Molar 
Concen 
tration 
of 10% 
Shaking 
Solution 

Percentage 

of 

Dissolution 
in 10% 
Solution 

Ratio of 
Molar Con 
centration 
to Percent 
age of 
Dissolution 

Sodium laurate 

222 19 

47 45 

0 45 

100 0 

222 

Sodium myristate 

250 22 

57 58 

0 40 

100 0* 

250* 

Sodium palmitate 

278 23 

63-64 

0 36 

62 2 

172 

Sodium stearate 

306 28 

69 70 

0 32 

57 6 

180 

Sodium oleate 

304 27 

14 

0 32 

49 0 

153 

Sodium linoleate 

302 25 

18 

0 32 

20 7 

64 


Based on the theoretic result, as the stones were not shaken in the 10 per cent concentra- 
tion Since 71 1 per cent dissolution occurred in 5 per cent solution it is assumed that the 
stones would have entirely dissolved in the 10 per cent solution 


observed that the solvent capacities of the solutions were analogous to 
the order of activity of the fatty acids as soaps alone, but, contrary to 
expectations, they were not as great except m the case of sodium Imo- 
leate This finding further supports the hypothesis that the fatty acids 
in bile aie moie concerned with maintaining the cholesterol m solution 
than are the bile salts, even though in noimal animal bile the concentra- 
tion of the fatty acids is much lowei than the concentrations used in 
some of the shaking experiments 
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In table 8 we attempted to con elate the relative activity of the 
Aaiious fatty acids as soaps on the basis of their molai concentiations 
It will be seen, as in the case of the bile salts, that theie was no correla- 
tion — indicating that the solvent activity was chiefly a chemical phe- 
nomenon It is Intel esting to note that theie is appaiently an optimal 
length to the chain of caibon atoms Foi example, the short chain fatty 
acids, such as lauric acid, aie highly active as cholesterol solvents Fatty 
acids with fewer caibon atoms than lauric acid, such as caprylic and 
butyric acid, aie practically inert 

All these results indicate the impoitance of the fatty acids as choles- 
teiol solvents In othei experiments we have observed that vhen 
gallstones are placed in liquid fatty acids they soon disintegrate, all the 
cholesterol going into solution We believe that the solvent action of the 
fatty acids in bile depends on the amount of fatty acids that may be 
held in a watei}’- menstiuum The fatty acids themselves aie quite 
insoluble in watei, but m alkaline solution as soaps they aie decidedly 
moie soluble At an acid leaction the fatty acids are precipitated unless 
they aie in a solution with a markedly i educed surface tension In this 
latter function the bile salts are effective Taurine, like all sulfonic 
acids, IS especially effective in loweimg the suiface tension 

Lauiic acid, of all the fatty acids, is best able to lesist pi ecipitation 
by electrolytes Its ability to lemain in solution in the presence of 
sodium chloride makes it useful as a maiine soap Sodium lauiate is 
able to maintain a definite solution at a pn of 6 to 7 It is not surprising 
in the light of this, that Walsh and Ivy found lauiic acid to be the most 
effective fatty acid in dissohmg gallstones — a fact that we have com- 
pletely confirmed 

The line seems cleaily diavn that bile may be divided into a gall- 
stone-foiining component and a gallstone-dissolving component These 
may be roughly repiesented by the saponifiable and the nonsapomfiable 
fraction in the bile Sealing and one of us (K K J have shown 
that diet has a small but definite effect in changing the latio of saponi- 
fiable to nonsapomfiable mateiial in the hepatic bile of the dog an 
effect which is probably even gi eater in human beings, as suggested by 
oui clinical studies^® In the expeiiments on dogs a milk diet pioved 
the most effective in inci easing the fatty acid fraction This is even 
moie interesting when it is lecalled that milk fat has a lelatively high 
lauric acid content 

18 Jones, K K, and Searing, E A The Saponifiable and Non-Saponifiable 
flatter in Bile as Affected by Diet, Am J Physiol 116 87, 1936 

19 Brown and Dolkarf^ Mock, BlO^\n and Dolkart® 
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COMMENT 

Effoits to coi relate the type of bile acids common to a species of 
animals with dietary and metabolic factors have thus fai been unsuc- 
cessful Cholic acid appears to be common to all animals with the 
exception of guinea pigs, rabbits and ceitain lodents, according to 
Sobotka and others Human, dog, ox, sheep and hog bile have been 
shown by numeious woikers to )ueld a mixture of cholic, desoxychohc, 
chenodesoxychohc and lithochohc acids on alkaline hydiolysis Hog 
bile. 111 addition, has been shown to contain hyodesoxychohc acid 
These bile acids are thought to occur m the bile in peptide-hke conjuga- 
tion, with ammoacetic acid and tauiine as the water-soluble sodium salts 
In man, the ox and the hog the glyco acids are more abundant, whereas 
in the dog the tauro acids piedominate These bile salts function 
chiefly m the process of digestion and absorption, where they act to 
maintain the water-soluble fats and cholesterol m solution or dispersion 
It IS still unknown whethei they act in this regaid as emulsifying agents 
only or whether they form water-soluble molecular compounds with 
the fats 

Wieland and Soige-^ have repoited the occuiience of a substance 
known as choleic acid which is water soluble and which was formerly 
considered a true bile acid, but which was actually found to be a coor- 
dinated compound containing one molecule of fatty acid and eight mole- 
cules of desoxychohc acid They then suggested that the dissolving 
power of bile is due to the choleic acid principle Fiesei has stated 
that he does not agree with this hypothesis, on the gi ounds that desoxy- 
chohc acid IS not the most abundant of the bile acids obtained from 
bile and the other bile acids do not have the propeity of forming choleic 
acids A second objection, voiced by Sekitoo,-^ is that desoxychohc acid 
does not occur free as such m bile but occuis m conjugation with 
ammoacetic acid and taurine, m which form it is questionable whethei 

20 Wieland, H, and Weyland, P Unteisuchungen uber die Gallensauren 
VIII Zur Kenntnis der Lithocholsaure, Ztschr f physiol Chem 110 123, 1920 
Okamura, S , and Okamura, T Ueber die Gallensaure der Kaninchengalle, 
ibid 188 11, 1930 Windaus, A , Bohne, A, and Schwarzkopf, E Ueber die 
Cheno-desoxy-cholsaure, ibid 140 177, 1924 

21 Windaus, A , and Bohne, A Ueber Hyo-glyko-desoxy-Cholsaure und 
uber Hyo-desoxy-Cholsaure, Ann d Chem 433 278, 1923 

22 Fieser, L F The Chemistry of Natural Products Related to Phenanthrene, 
New York, Remhold Publishing Corporation, 1936, p 123 

23 Wieland, H, and Sorge, H Untersuchungen uber die Gallensauren 
II , Ztschr f physiol Chem 97 1, 1916 

24 Fieser,22 p 131 

25 Sekitoo, T Beitrage zur Kenntnis dei Glykocholeinsaure aus Kanin- 
chengalle, Ztschr f physiol Chem 199 225, 1931 
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the other bile acids could foim compounds of stability with fatty acids 
which are compaiable to the desoxycholic acid compounds 

Veizar,^® on the othei hand, has shown that combinations of bile 
acids and fatty acids do occur in the intestinal canal His obseivations 
have shown that combinations of desoxycholic acid and cholic acid with 
fatty acids are stable only in an alkaline medium down to pn 7 1 to 7 9 
and are unstable at an acid leaction of 6 to 7 Combinations of 
sodium taurocholate and glycocholate are stable up to an acid reaction of 
/>H 5 9 to 6 1 He therefoie has stated that he considers the tauiocholates 
and the glycocholates of gieatei impoitance in the intestinal canal 
because they foim water-soluble diffusible combinations which are stable 
in the physiologic p^i range of the intestine, which is slightly acid 
While Verzar’s observations on the lelative importance of the larious 
bile acids in the intestine and their activity in combinations with fatty 
acids do not necessaril}’' hold for their importance m the biliary tract, 
they are of inteiest because they establish ceitain factois in the inter- 
1 elation of the bile acids and the fatty acids 

The mechanisms whereby the cholic and othei bile acids aie conju- 
gated in the animal body with taurine and ammoacetic acid aie thought 
to be intimately associated with hepatic function In the piesence of 
hepatic disease, incomplete conjugation may occur, or free bile acids may 
be secreted,^^ Whipple and W alters have shown that small degrees 
of hepatic damage, subclmical as far as symptoms are concerned, result 
ill a marked decrease in the bile salt content of the bile Walters, Gieene 
and Fredrickson have reported that after lelief of obstiuctive jaundice, 
a diminuation in the excietion of bile salts is obseived, which later 
leturns to normal 

Andrews and his co-woikers have hypothesized that gallstones 
foim as the result of abnormalities of bile salt metabolism, occurring 
either primarily in the livei oi as the result of an abnormal diffusion of 
the bile salts out of the gallbladdei, allowing the cholesteiol which is 
held in solution by the bile salts to precipitate out and foim stones 
They concluded that the significant factor to be considered in the foima- 

26 Verzar, F, and McDougall, E J Absorption from the Intestine, London, 
Longmans, Green & Co , 1936, p 163 

27 Sobotka, H Physiological Chemistry of the Bile, Baltimore, Williams &. 
Wilkins Company, 1937, p 29 

28^ Whipple, G H Bile Salt Metabolism, J Biol Chem 59 623, 1924 

29 Walters, W Obstructive Jaundice Physiologic and Surgical Aspects, 
Rochester, Minn , Mayo Foundation, 1931 

30 Walters, W , Greene, C H , and Fredrickson, C H Composition of 
Bile Following the Relief of Biliarj Obstruction, Ann Surg 91 686, 1931 

31 Andrews, E , Hrdina, L , and Dostal, L E Etiology of Gallstones II 
Analysis of Duct Bile from Diseased Livers, Arch Surg 25 1081 (Dec ) 1932 
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tion of gallstones is the relative ratio of the bile salts to the cholesterol 
content of the bile They further stated that on the basis of their studies 
it seems that there is no substance other than bile salts in the bile capable 
of holding cholestei ol in solution 

Reinhold, Feiguson and Hunsbeiger^® have leported that in the 
piesence of disease of the gallbladder the concentiation of cholic acid 
was found to be significantly diminished from the normal level in bile 
from the gallbladder This was attributed to increased permeability of 
the mucosa of the diseased gallbladder to bile salts, as suggested by 
Andrews and his gioup These authois also expiessed the opinion that 
in the presence of injuiy to the hepatic parenchyma or of obstruction of 
the bile ducts, alteiation or suppression of the secietion of bile acid may 
be additional factois, on the basis of studies b}^ Doubilet,^^ Riegel, 
Ravdm, Morrison and Potter , McMastei , Broun and Rous , Goff, 
Hrdma and Andi ews,®" and othei s 

The studies of Walsh and Ivy were the fiist to indicate that the lole 
of the bile salts m maintaining cholestei ol in solution is chiefly secondary 
to the role played by the fatty acids Our results confirmed these find- 
ings Using more accurate analytic methods than those employed by 
these mvestigatois and making a gieatei number of experiments, we 
have obtained several interesting differences in results Of all the vaii- 
ous bile salt preparations used m the experiments, the sodium salt of puie 
cholic acid proved to have the greatest cholesterol-solvent capacity, with 
sodium taurocholate, sodium desoxycholate and sodium glycocholate, m 
the Older named, next in activity There appeals to be an optimum 
concentration for some of the prepaiations used Oui lesults are not 
in agieement with those reported by Rosin m the laboratoiies of 

32 Andrews, E , Dostal, L E , and Hrdma, L Etiology of Gallstones 
IV Is Cholesterol Excreted by the Gallbladder Mucosa^ Aich Surg 26 382 
(March) 1933 

33 Reinhold, J G , Ferguson, L K, and Hunsberger, A The Composition 
of Human Gallbladder Bile and Its Relationship to Cholelithiasis, J Clin Investi- 
gation 16 367, 1937 

34 Doubilet, H Differential Quantitative Analysis of Bile Acids in Bile 
and m Duodenal Drainage, J Biol Chem 114 289, 1936 

35 Riegel, C , Ravdm, I S , Morrison, P J , and Potter, M J Studies 
of Gallbladder Function XI The Composition of the Gallbladder m Pregnancy, 
JAMA 105 1343 (Oct 26) 1935 

36 McMaster, P O , Broun, G O , and Rous, P Studies on the Total 
Bile III On the Bile Changes Caused by a Pressure Obstacle to Secretion 
and on Hydrohepatosis, J Exper Med 37 685, 1923 

37 Goff, M , Hrdma, L, and Andrews, E Effect of Prolonged Stasis on 
the Bile Salt-Cholesterol Ratio, Proc Soc Exper Biol & Med 29.549, 1932 

38 Rosin, A Ueber die Losung von Gallensteinen, Ztschr f physiol Chem 
124 282, 1923 
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Aschoft and Wieland She compaied the dissolving effect of individual 
bile acids on cholesterol and pigment gallstones and found desoxychohc 
acid the most efficient Next m oidei of activity were glycochohc, cholic 
and taurochohc acid Her results, howevei , were based on an extremely 
small number of experiments 

It IS interesting to note that changes in the structure of the bile 
acid molecule have a marked effect on the ability of the particulai acid 
to hold cholesterol in solution Conjugation with aminoacetic acid oi 
taurine somewhat deci eases this ability When cholic acid is oxidised 
to the dehydro or keto form, the solvent capacity is apparently lost 
Sodium dehydrocholate was practically inert in all concentrations Simi- 
larly, the oxidation of desoxychohc acid to the keto form lesulted m a 
marked loss of solvent capacity In view of the fact that the prepara- 
tion of mixed ketocholanic acid used showed moderate ability to hold 
cholesteiol in solution, it appears that some additional substance — pos- 
sibly chenodesoxychohc or hthocholic acid — is present No color leac- 
tion, however, is obtained wdien the Reinhold and Wilson modification 
of the Gregory-Pascoe method foi determining cholates is used on the 
preparation of mixed ketocholanic acids employed in the experiments 

On the basis that bile salts are of chief importance m maintaining 
cholesterol in solution in bile, thus preventing the formation of gall- 
stones, much research has been carried out in an effort to bring about 
significant increases in the production of bile salts Sobotka has 
stated the opinion that such studies are unsatisfactory at present because 
analytic procedures determine the concentration of only cholic acid 
Experimental increases or decreases in total bile acids cannot be intei- 
preted properly, according to this authoi, because cholic acid may 
decrease in favoi of desoxychohc acid, chenodesoxychohc acid, keto 
acids and certain abnormal forms w'hich escape the colorimetric method 
used Therefore, much of the investigative wmrk on bile salt deteimma- 
tions reported thus far is subject to serious question on such grounds 

Our results demonstrate that bile salts are not the most essential 
substances for maintaining cholesteiol in solution in the bile In equiva- 
lent concentrations the fattj'’ acids were far more active as cholesteiol 
solvents than were the bile acids The studies of the cholesterol-solvent 
capacity of fractions of bile show'^ed that whether oi not the animal 
belonged to a species wdnch forms gallstones, if the bile was solvent foi 
cholesterol, the solvent capacity could be isolated in the saponifiable oi 
fatty acid fraction In addition to this fact it was observed that theie 
was a considerable decrease in the amount of this saponifiable fraction in 
relation to the cholesterol content of the bile in those animals which 


39 Sobotka, 27 p 26 
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form gallstones, as compared with, the amount in those which nevei 
form gallstones 

Whether the fatty acids as they occur in the bile function inde- 
pendently m maintaining the nonsaponifiable material in solution in the 
bile 01 whethei they act in combination with the bile acids, as suggested 
by Wieland and Sorge and Verzar, cannot at present be determined 
Certainly, however, more attention should be given the role of the fatty 
acids in the production of gallstones 

SUMMARY AND CONCLUSIONS 

Ketocholanic acids have a definite measurable effect in producing 
choleiesis when administered by mouth No toxic effects were observed 
as far as pathologic changes in the liver or systemic manifestations fol- 
lowing prolonged administration to dogs were concerned 

Bile from the gallbladder of the dog is so solvent for human choles- 
terol gallstones that we were unable to influence the rate at which human 
gallstones were normally dissolved m the gallbladder of the dog 

By fractionating bile of the dog and of the sheep (animals which do 
not form gallstones) and of the ox and of the hog (animals which do 
form gallstones), it was found that the solvent capacity of the bile 
could be isolated in the saponifiable oi fatty acid fraction 

Quantitative analysis of bile from the gallbladder of these animals 
showed that the saponifiable fraction was relatively high m the dog and 
in the sheep but low in the ox and in the hog Similar analysis of human 
bile showed that the concentration of the saponifiable fraction was 
extremel}'- low in proportion to the nonsaponifiable or cholesterol fraction 
These findings indicate that the fatt)’’ acids m the bile play an extremely 
significant role in maintaining cholesterol in solution and in preventing 
the formation of gallstones Oui studies indicate further that the action 
of fatty acids in this connection is much gi eater than the action of the 
bile salts oi the bile acids We do not agree that the mechanism whereby 
cholesterol is held in solution in the bile is chiefly a function of the 
bile salts 



PRIMARY CARCINOMA OF THE LUNG 


A CLINICAL AND PATHOLOGIC STUDY OF ONE HUNDRED CASES 
SIMON KOLETSKY, MD 

CLEVELAND 

Recent reports have emphasized the high and appaiently inci easing 
incidence of primal y caicinoma of the lung^ At the Cleveland City 
Hospital in the eleven year period fiom 1927 to 1937, inclusive, there 
were 100 cases in which autopsy was performed, which constitute 
1 3 per cent of 7,685 consecutive cases studied post mortem and 9 4 
per cent of 1,064 cases of malignant tumoi studied post mortem At 
autopsy the lung ranked second only to the stomach as the primary 
site of carcinoma While such a postmoitem incidence obviously does 
not lepresent the tiue morbidity foi the entiie population, it selves to 
reflect again the frequency and importance of this tumor 

A summary of the salient gross and microscopic observations in these 
100 cases of piimary bionchiogenic carcinoma studied post mortem 
constitutes the substance of this paper The attempt will be made to 
correlate the cell type of the tumoi with the mode of growth and the 
dissemination, as well as vith the clinical behavioi and the prognosis 

HISTOLOGY 

This tumor was classified on the basis of histologic charactei without 
difficulty, despite pleomoiphism of varying degree In the 100 cases 
there were 35 small cell carcinomas, 40 squamous cell carcinomas, 22 
adenocarcinomas and 3 tumors which weie classified as carcinoma 
simplex 

Thirty-two of the squamous cell caicinomas weie either partlv oi 
well differentiated and showed keratinization and keratohyaline peail 
formation Although the pearls were inconspicuous or absent in the 
8 cases in which there was poor differentiation, the diagnosis was estab- 

From the Pathological Laboratory of the Cleveland City Hospital and the 
Institute of Pathology, Western Reserve University 

1 Weller, C Pathology of Primary Carcinoma of the Lung, Arch Path 
7 478-519 (March) 1929 Rosahn, P D The Incidence of Primary Carcinoma 
of the Lung, Am J M Sc 179 803-811 (June) 1930 Olson, K B Primary 
Carcinoma of the Lung, Am J Path 11 449-468 (May) 1935 Brines, O A, 
and Kenning, J C Bronchiogenic Carcinoma, Am J Chn Path 7 120-133 
(March) 1937 
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lished by the demonstration of compact cords of large, flat, polygonal 
cells of squamous type with vesiculai nuclei and well defined cell bordeis 

The diagnosis of adenocarcinoma was determined by the presence of 
acini lined with cuboidal or columnar cells In 14 of the 22 cases the 
tumor -was either partly or well differentiated and presented a fairly 
uniform microscopic picture Evidence of mucinous secretion was 
noted in 3 of these cases The 8 poorly differentiated adenocarcinomas 
exhibited a pleomorphic structure, and well formed acini could not be 
demonstrated in every microscopic section In some areas the tumoi 
cells appeared in small groups,* with no differentiation, or formed atypical 
alveoli Many sections showed invasion of blood vessels, with foimation 
of tumor thrombi in the lumens 

The epithelial origin of small cell carcinoma from the mucosal lining 
of the bronchial tree is now generally accepted ^ The term small cell 
IS preferable to the teims oat, spindle and round cell, since the latter 
indicate merely subvarieties based on the shape of the cell and denote no 
essential diffeiences m structure The tumor cells are small and grow 
111 loose or compact alveolar nests which are separated by dense bands of 
connective tissue Delicate collagenous bundles extend from the mam 
framework between individual groups of cells Nuclei aie character- 
istically hyperchromatic and rarely reveal a nucleolus, the cytoplasm is 
scant and has indistinct borders The spindle and oat cell varieties often 
show nuclear palisading, especially m perivascular position Giant cells 
with overlapping nuclei are common A tendency to invade the lym- 
phatic system and the veins is characteiistic and accounts for the wide- 
spread and distant metastases Within small vessels the tumor cells 
frequently lose their characteristic configuration and become spherical, 
thus simulating white blood cells Morphologic variations are slight 
The tumor may, however, resemble a reticulum cell sarcoma closely, but 
special staining readily demonstrates that the round cell carcinoma pro- 
duces no mtei cellular reticulum Only 2 tumors were of the transi- 
tional cell type, showing compact groups of large oval cells with 
abundant cytoplasm, vesicular nuclei and occasional nucleoli Both, 
however, showed areas of typical “small cells ” That this gradation is 
characteiistic of the small cell tumor is proved by the fact that in 
unquestionable cases areas of transitional cell carcinoma could be dem- 
onstrated This suggests that the transitional cell form may represent 
an earlier phase m the life history of a small cell carcinoma, the later 

2 Barnard, W G The Nature of the “Oat-Celled Sarcoma’’ of the 
Mediastinum, J Path & Bact 29 241-244 (July) 1926 Karsner, H T , and 
Saphir, 0 Small Cell Carcinomas of the Lung, Am J Path 6 553-562 (Sept ) 
1930 Maxwell, J Primary Malignant Intrathoracic Tumors, J Path & Bact 
33 233-249 (April) 1930 
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changes m size, shape and staining piopeity of the tumor cells being 
due to degeneiation oi diffeientiation In a number of the cases histo- 
logic compaiison of postmoitem material with biopsy specimens obtained 
at operation suppoited this concept m that the biopsy specimens, pai- 
ticularly those of distant lymph nodes, piesented the microscopic pictuie 
of tiansitional cell caicmoma, while tumoi tissue removed from the same 
sites at autopsy, several weeks or months latei, showed typical small 
cell tumor 

The 3 tumoi s classified as caicmoma simplex did not fulfil the 
moiphologic ciiteiia of the small cell type,-noi could they be satisfactoiil} 
classed with the squamous cell caicmomas oi adenocarcinomas The 
histologic pictuie was that of large lound to polygonal cells loosely 
arianged m small gioups with no diflfei entiation 

GROSS MORBID ANATOMY 

Small Cell Caicmoma — The distiibution of the cases according to 
the location of the tumor m the lung, lobe oi bronchus is summaiized 
in table 1 The usual point of origin is at oi proximal to the hilus of 
the lung In 70 pei cent of the cases the tumoi involved the mam stem 
bronchus, wheieas in 70 per cent of the cases of squamous cell carci- 
noma the tumor originated m epartenal oi hypaiterial blanches The 
bronchus of origin usually shows slight to moderate occlusion by tumoi , 
although diffuse mucosal involvement may occui without apparent ulceia- 
tion and with no extension into the lumen In 4 cases the piocess 
advanced along the mucosa to the tiachea The giowth extends fiom 
the bionchus into suiioundmg tissue and foims an nregulai, fiim mass 
which compresses and infiltrates the lung or invades the mediastinum 
In 9 of 21 cases of tumor aiising in a main stem bionchus, the giowth 
was essentially mediastinal, with only slight paienchymal involvement 
The tumor may extend into the lung along smaller bronchi and by way of 
penbionchial tymphatic vessels Pleural involvement by tumor was 
noted in 11 cases, in 8 of which theie was bloody effusion In IS cases 
bronchial occlusion lesulted in numerous small bi onchiectatic abscesses, 
and in 3 instances there was foimation of an abscess cavity, 5 cm m 
diameter, lined with a pyogenic membrane and showing no tumoi in 
its wall 

In every case theie was conspicuous involvement of the tiacheo- 
bionchial lymph nodes by tumor, usually with almost complete obhteia- 
tion of their structuie (table 2) A large mass filling the superior oi 
posterosuperior mediastinum was present in 18 of the 35 cases The 
aorta and the pulmonary vessels weie frequently encased m tumor 
Theie were invasion into and thiombosis of the superior vena cava 
(5 cases), severe compression and displacement of the esophagus 



Table 1 — Dtshibutwn of Carcinomas in Lung, Lobe and Btonchus 



Small Cell 
Carcinoma 

Number of Oases 
>. 

Squamous Cell 
Carcinoma 

Adeno 

carcinoma 

Lung, 93 cases 

34 

37 

22 

Right lung 

22 

21 

11 

Left lung 

12 

16 

11 

Lobe, 85 cases 

30t 

36 

19 

Eight lung 

Upper lobe 

9 

7 

4 

Middle lobe 

1 

2 

1 

Lower lobe 

O 

o 

6 

4 

Entire lung 

1 

6 

1 

Left lung 

Upper lobe 

6 

10 

7 

Lower lobe 

1 

5 

2 

Bronchus, 84 cases 

30 

34 

20 

Eight mam 

12 

6 

0 

Left mam 

9 

1 

2 

Eparterial 

3 

6 

2 

Hyparterial, middle lobe of nght lung 

1 

2 

1 

Hyparterial, lower lobe of right lung 

2 

6 

4 

Hyparterial, upper lobe of left lung 

0 

5 

6 

Hyparterial, lower lobe of left lung 

1 

5 

2 

Branch 

2 

3 

3 


* Tumors which were described inadequately for the purpose of the table have been 
omitted 

t Nine of the tumors were essentially mediastinal in position and showed slight or no 
parenchymal involvement 


Table 2 — Ti acheobronchial Lymph Nodes 




Number of Cases 



Total 

Lymph Node 
Involvement 

Percentage 

Small cell carcinoma 

33 

33 

100 

Squamous cell carcinoma 

36 

24 

66 

Adenocarcinoma 

19 

16 

84 


Table 3 — Mediastinal 

Mass 



Number of Oases 



Total 

Mediastinal Mass 

Percentage 

Small cell carcinoma 

35 

18 

52 

Squamous cell carcinoma 

40 

2 

5 

Adenocarcinoma 

22 

5 

23 


Table 4 — Invasion of Heart 





Number of Cases 

A 


Small cell carcinoma 

Squamous cell carcinoma 
Adenocarcinoma 


Total 

35 

40 

22 

Invasion of 
Heart 

7 

4 

4 

Percentage 

20 

10 

18 
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(7 cases), with ulceration into the lumen in 4 instances, and lateial oi 
anteiior displacement of the tiachea (6 cases) Invasion of the peii- 
caidium by direct extension occurred at its upper posterior, supenoi 
lateial and lateral aspects Lateially, tumor extended into the peri- 
caidium fiom the mediastinal pleuia when these became adheient as a 
result of infection oi tumor infiltration In 13 cases (37 per cent) 
there was peiicardial involvement, and in 7 of these there was fuithei 
extension of tumor into the wall of the auiicles In 5 cases m which 
clinical components of Homer’s S3mdiome weie i:)rcsent, tumoi was seen 
at the thoiacic inlet, and m 3 of these there was pam m the shoulder 
and aim due to imolvement of the biachial plexus 

Squamous Cell Ca7cwoma — Of 37 tumors, 21 weie located in the 
light lung and 16 m the left The uppei lobe was involved with 
gieatei frequency than the lower (table 1) The tumoi usually begins 
distal to the bifurcation of the mam stem bronchus and not proximal 
to it, as does the small cell type Eparterial or hyparteiial branches 
weie the site of oiigm m 24 of 34 cases (70 per cent), and the right 
mam bronchus was involved m 7 cases and branch bronchi m 3 instances 
At autopsy there is a fii m irregular mass at the hilus The bronchus ot 
oiigin shows considerable giayish white, ciumbly tumor m its wall, uith 
mucosal ulceration and nai rowing of the lumen The process advances 
along the mucosa and submucosa towaid neighboring large bionchi and 
the mam stem bronchus Distally there is extension along smaller 
bionchi into the lung and frequently to the pleura, with serous oi bloody 
effusion Fatal hemorihage may lesult from eiosion of large vessels 
(3 cases) In 5 cases the ribs and the thoiacic wall were eroded, an 
observation confined to the cases of squamous cell tumors Giadual 
bronchial occlusion by tumor leads to peripheral bronchiectasis, with 
the foimation of one or several abscess cavities In 29 of the 40 cases 
there were small bronchiectatic abscesses (72 per cent), and m 13 cases 
theie was a cavity, 4 cm or moie in diametei, the wall being lined with a 
pyogenic membrane and infiltrated by tumor The remaining pulmonary 
tissue was the seat of atelectasis, chronic interstitial pneumonitis, sup- 
puration and occasionally gangrene Diffuse bronchiogenic spiead of 
the tumor partly by direct aerogenous transmission led in 8 cases to con- 
solidation of an entire lobe by grayish white soft tumor, with central 
liquefaction neciosis resulting in cavity formation Thus the presence 
of a cavity was noted in 21 of 40 cases of squamous cell carcinoma 
(table 5) 

The squamous cell carcinoma shows no tendency to invade the 
lymphatic system and metastasize to lymph nodes However, direct 
extension from the bronchus of origin into adjacent bronchopulmonary 
lymph nodes frequently occurs, but even heie the infiltiation is often 
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slight and the nodes remain relatively intact and small Involvement of 
lymph nodes beyond the lulus of the lung (i e , tracheobronchial, at 
the superior or the inferior bifurcation, and paratracheal) occuried in 
24 ot 36 cases (66 per cent) When the tumor arose from a main 
stem bionchus, tracheobronchial nodes were invaded m every instance 
With origin from epartenal or hyparterial branches m the upper lobe 
of the left lung, involvement was found in 73 per cent of cases and 
Horn hyparteiial branches m the lower lobe in 54 per cent In 2 cases a 
large tumor formed in the posterosuperior mediastinum (table 3) 
Tumoi in\ olvement of the pericardium usually occuri ed by direct exten- 
sion fiom lymph nodes at the bifurcation, the peiicapsular connective 


Table 5 — Cavity Foi motion 





^umber of Cases 

i 




Total 

Cavitj 

Formation 

Pcreentage 

Small cell carcinoma 


35 

o 

O 

0 

Squamous cell caremoma 


40 

21 

52 

Adenocarcinoma 


22 

0 

27 


Table 6 — Squamous Cell Caicmoma with 

Node Involvement 

Tiacheobi onchial Lymph 

Xumbcr of Cases 



Involvement of 




Tracheobronchial 



Total 

^odes 

Percentage 

Mam bronchus 

t 

7 

ICO 

Epartenal and hyparterial branches, upper lobe 




of left lung 

11 

s 

73 

Hjpartenal branches, loner lobe 

13 

7 

J-l 

Branch bronchus 

<> 

2 

06 


tissue of which blends uith the fibrous pericardial layer in the superioi 
mediastinum Thus involvement was at the site of the pericardial 
reflection over the great vessels at the base of the heart While such 
extension uas present in 14 cases (32 per cent), invasion of the wall 
of one or both auricles occurred m only 4 cases (10 per cent) 

Adenocai cmoma — -The light and the left lung were involved with 
equal frequency, and the tumor usually began within the hilus of the 
lung (table 1) In 20 cases only 2 tumors involved the mam stem 
bionchus, 3 originated in a small branch bronchus and the remaining 
15 (75 per cent) involved epartenal or hyparterial branches The 
bronchus of oiigin is occluded by tumor, and the growth extends along 
the mucosa tovard the mam stem bronchus and diffusely into the 
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parenchyma of the lung along small bronchi and bronchioles, the walls 
being replaced by carcinoma Pleuial infiltration occurred in 11 cases 
(50 per cent), and in 6 cases there was bloody effusion Bronchiectatic 
abscesses were frequent, and in 3 cases there was an abscess cavity, 5 cm 
in diameter, showing tumor m its wall Diffuse spiead of the giowth 
by an aerogenous bronchiogenic route led in 3 cases to replacement of 
an entire lobe by tumoi, with central necrosis resulting in cavity forma- 
tion (table 5) In 16 (84 per cent) of the 19 adequately described 
cases there was slight to conspicuous involvement of the tracheobron- 
chial lymph nodes by tumor (table 2) Direct extension into the peri- 
cardium occuired in 8 instances (36 per cent), with invasion of the 
myocardium of the light or of the left auricle in 4 cases (18 per cent) 
Shortly before death 1 patient had auricular flutter, presumably due to 
involvement of the right auricle by tumor A large tumor was present 
in the postei osuperior mediastinum in 5 cases (table 3) In 3 of these 
cases the aortic arch was partly encased in tumor which involved the 
lecurrent laryngeal and phrenic neives 

Carcinoma Simplex — One of the 3 tumors of this type was a cir- 
cumscribed growth in the lung parenchyma The other 2 involved hypar- 
terial bronchi and showed extensive invasion of the lung, involvement of 
tracheobronchial lymph nodes and widespread metastases 

TUMORS OF THE PARENCHYMA AND BRANCH BRONCHI 

In 78 of the entire group of 100 cases the tumor involved a mam 
stem, eparterial or hypartenal bionchus In 10 cases the tumor was 
not accurately located in relation to the bronchial tree, and in the 
remaining 12 the major bronchus was fiee from tumor and the growth 
either was in the parenchyma of the lung (4 cases) or involved a minoi 
branch bronchus (8 cases) 

The parenchymal carcinoma was a circumscribed growth, 5 to 10 cm 
in diameter, the origin of which could not be traced to a macroscopically 
visible bronchus The mass was situated in the periphery of the lung 
and extended to the pleura, which in 2 instances showed irregular infil- 
tration Three of the tumors were squamous cell carcinomas, and 1 was 
carcinoma simplex Involvement of the bi onchopulmonary lymph nodes 
was present m 3 cases, and 2 of the tumors showed further extension to 
tracheobronchial nodes In only 1 case was there extrathoracic metastasis 

In the 8 cases in which the tumor derived from a branch bronchus 
there was an irregularly circumscribed giowth, which occasionally infil- 
trated the pleura In 7 of these cases (2 small cell tumors, 2 squamous 
cell carcinomas and 3 adenocarcinomas) the tumor was located in the 
upper lobe In all cases the regional lymph nodes weie involved, and in 
5 cases the tracheobronchial nodes were also involved, extrathoracic 
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metastases occurred in 6 cases One squamous cell carcinoma situated 
in a lower lobe showed no lymph node involvement but had metastasized 
to the adrenal glands 

BIOPSY SPECIMENS REMOVED AT OPERATION 

A summary of all the biopsies made during the clinical study of 
these cases is presented in table 7 These data are of impoitance in 
determining the extent and the mode of dissemination of each type of 
carcinoma Almost half the specimens of small cell tumor were removed 
from an extrathoracic site, while the specimens of squamous cell tumor 
were almost uniformly obtained from within the chest and in the neigh- 
borhood of the primary tumor Among the small cell tumors, extra- 
thoracic superficial lymph nodes represented 45 per cent of the “positive”^ 
specimens, while, m striking contrast to this, there were no “positive”' 
lymph node biopsy specimens of the squamous cell type The majority 
of the specimens showing adenocarcinoma came from the lung, although 
several distant sites were represented, lymph nodes, however, were an 
unimportant source 

Bjonchi — Fifteen (75 per cent) of the 20 specimens obtained 
bronchoscopically showed carcinoma The highest percentage of posi- 
tive results, as might be expected, was obtained m cases of small cell 
tumor, 70 per cent of these tumors involved the mam stem bronchus 
and would have been readily visualized bronchoscopically Of the 4 
squamous cell carcinomas for which negative lesults were obtained on 
biopsy, autopsy showed that 2 originated m hyparterial bronchi of the 
lower lobe and 2 involved the eparterial branch at its origin without 
extending into the mam stem bronchus 

Pleuial Flmd — A dependable diagnosis of carcinoma based on 
microscopic examination of the pleural fluid rests on the demonstration 
of tissue organization of cells with a cytologic structure indicative of 
tumor Diagnosis based on the cytologic structure alone or the nuclear- 
nucleolar ratio ^ IS rarely conclusive and is often hazardous In cases of 
small cell tumor particularly the loss of tissue organization m a fluid 
medium may preclude a positive diagnosis, since the individual cells are 
small and may resemble blood cells and the nuclear structure may be 
obscured b}'’ hyperchromicity All but one of the effusions showing 
carcinoma cells in the cases of squamous cell carcinoma and adenocar- 
cinoma were hemonhagic, and in every instance at autopsy there was 
tumor infiltration of the pleura In 1 case of squamous cell carci- 
noma it was demonstrated that a pleural effusion showing carcinoma 

3 Foot, N C Identification of Tumor Cells in Sediments of Serous 
Effusions Am J Path 13 1-12 (Jan ) 1937 
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cells may occur before there is any involvement of the tiacheobionchial 
lymph nodes by tumoi or any distant metastases 

Lmigs — ^Autopsy studies were made m 2 cases m which pneu- 
monectomy had been perfoimed for carcinoma In each instance death 
occuried foui weeks aftei the opeiation and Avas due to the develop- 
ment of a bronchopleuial fistula wnth empyema Both surgical speci- 
mens showed caicinoma involving a hypaiteiial branch of the lowei 
lobe In 1 case an adenocai cinoma was levealed at autopsy at the site 
of excision of the hypaiterial bronchus, with involvement of the l3miph 
nodes at the infenoi bifurcation and with metastasis to the hvei and to 


Tabll 7 — Sumviaty of Btopsv Data 



Kumber of 

Positive 


Biopsies 

Eesults 

Small cell carcinoma, 35 cases (2S biopsies) 

Bronchus 

8 

t 

Cervical node 

4 

4 

Subma\illarr node 

o 

2 

A-^iilary node 

3 


Inguinal node 

1 

1 

Pleural fluid 


0 

Lung tissue 

2 


Skin 

3 

2 

Squamous cell carcinoma, 40 cases (31 biopsies) 

Bronchus 

11 

7 

Intercostal nodes 

2 

0 

Lung, aspiration (4 cases) 

0 

1 

Pleural fluid (4 cases, positive results In 3 cases) 

8 

*3 

Lungs 

2 

2 

Lung tissue 

0 

2 

Sputum 

1 

0 

Ilium (1 case) 

0 

1 

Adenocarcinoma, 22 cases (10 biopsies) 

Bronchus 

1 

1 

Eight lung 

1 

1 

Cervical nodes 

1 

1 

Lung, aspiration (1 case) , 

2 

0 

Pleural fluid (4 cases, positive result in I case) 

s 

0 

Skin 

2 

9 

Sputum 

1 

0 


the opposite lung In the second case a squamous cell carcinoma w^as 
shown at autopsy to have been completely i esected , there w^ei e no 
metastases 

METASTASES 

The postmortem data regaiding distribution of metastases aie sum- 
maiized in table 8 These correlate closel}’’ with the data legaiding 
distribution of metastases obtained duiing life It is again evident that 
the distinct difference in tendency to metastasis depends on cell type 
Only 35 per cent of the squamous cell carcinomas showed extiathoracic 
dissemination, as compaied to 89 per cent of the small cell caicinomas 
and 86 pei cent of the adenocarcinomas 

No close parallel was found to exist between the degiee of diffieienti- 
ation of the tumor and the extent of metastasis The small cell carci- 
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nomas weie undiffeientiated and were not subject to giadmg The 
pooily differentiated adenocarcinomas as a general rule showed nioie 
widespread metastases than those that were well or partly differentiated 
Paitly or well differentiated squamous cell carcinomas metastasized less 
frequently than the pooily differentiated tumors, but the extent of dis- 
semination was approximately the same 

Small Cell Caicmomas — These aie vigoiously metastasizing tumois 
with a tendency to diffuse permeation of the lymphatic system Gi oups 
of lymph nodes were involved by this type of tumor as follows 
tiacheobionchial, 100 per cent of cases, cervical, 48 per cent, abdominal, 
48 per cent , axillary, 8 5 per cent, and inguinal, 5 7 per cent The 
presence of caicinonia in superficial lymph nodes of the ceivical, axillarv 

Table 8 — Metastases 



Small Cell 

Squamous Cell 

Adeno 



Oaremoma, 

Caremoma, 

carcinoma, 

Percentage 

Total, 


Percentage 

Percentage 

Percentage 

Cervical nodes 

48 0 

0 

27 0 

22 

Axillary nodes 

85 

0 

0 

3 

Submaxillary nodes 

85 

0 

0 

3 

Inguinal nodes 

57 

25 

4 5 

3 

Abdominal nodes 

48 0 

12 0 

27 0 

27 

Liver 

660 

18 0 

50 0 

40 

Adrenal glands 

54 0 

12 0 

64 0 

38 

Kidneys 

20 0 

15 0 

360 

21 

Other lung 

no 

12 0 

55 0 

21 

Bone 

23 0 

10 0 

320 

l3 

Pancreas 

40 0 

0 

18 0 

IS 

Skin 

14 0 

25 

230 

11 

Spleen 

17 0 

0 

230 

11 

Heart 

57 

2 5 

23 0 

7 

Thyroid gland 

Miscellaneous (number of cases) 

85 

0 

4 5 

4 


Small cell carcinoma gallbladder 2, pituitary body 1, bladder 1, uterus 1, cecum l, ileum l, 
colon 1, peritoneum l 

Adenocarcinoma gallbladder 2, colon 2, mesentery 2, omentum 3, stomach 1, peritoneum 1, 
diaphragm 4 


01 inguinal chains was uniformly indicative of extensive involvement of 
deeper groups in the thorax and abdomen Of the organs and systems, 
the livei, adienal glands and pancreas were most frequently the site of 
metastasis (66, 54 and 40 per cent, respectively), with the brain, skeletal 
system, kidneys and spleen following in that order The skin was 
involved in 14 per cent of the cases As a rule the liver was extensively 
replaced by tumoi, the average weight of this organ in 23 cases being 
2,950 Gm The heaviest liveis weighed 6,275, 6,200 and 5,200 Gm , 
respectively In these cases the patient showed signs and symptoms 
of poital obstruction — ascites, jaundice and melena The adrenal 
glands usually showed small circumscribed tumor nodules in the 
medulla and occasionally were almost completely obliterated by largei 
confluent masses Involvement of the pancreas was more than twice as 
frequent in these cases as in the cases of adenocarcinoma Solitaiy oi 
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multiple nodules weie piesent in the head, body or tail of the organ, 
and in 4 cases there was complete replacement of the tip of the tail 
by tumor 

Squamous Cell Cai cmomas — The squamous cell calcinomas are infil- 
trating, relativel}'^ nonmetastasizing tumors In 65 per cent of the cases 
autopsy revealed no extrathoracic metastases , this is consistent with the 
fact that practically all the biopsy specimens that showed this type of 
tumor were obtained from the lung itself Extensive dissemination by 
way of the lymphatic system does not occur, and involvement other than 
that of the regional lymph nodes is infiequent The cervical and axillary 
chains were not involved at all, and the abdominal nodes showed invasion 
in 12 pel cent, with 1 instance of extension to the inguinal nodes The 
liver, adrenal glands and kidneys were involved in only 18, 12 and 15 
per cent of the cases, respectively Theie were no instances of metas- 
tases to the spleen oi to the pancreas, and the heart and skin were 
involved only once Metastatic tumor of the opposite lung was found in 
5 cases (12 per cent) In only 6 of the 21 cases of cavity formation 
was there extrathoracic dissemination Moieover, erosion of the thora- 
cic wall and ribs by tumor occurred in 4 cases in which no metastatic 
lesions were observed 

Adenocai cmomas — These tumors metastasize essentially by way of 
the blood stream, in contrast to small cell cai cmomas, which are dis- 
seminated chiefly by way of the lymphatic system Oigans, systems 
and regions usually invaded by a hematogenous route, such as the kid- 
neys, adrenal glands, skeletal system, opposite lungs, skin and heart, were 
more frequently involved by adenocarcinoma than by the small cell 
tumor Metastasis to the opposite lung occuired in 55 per cent of 
cases, and the skin and heart were each involved in 23 per cent of cases 
As is the case with the small cell type of tumor, the cutaneous metas- 
tases are usually found in the anterioi thoracic wall and the abdomen, the 
lesions consisting of small, round, freely movable subcutaneous nodules, 
occasionally attached to the corium There was no instance of ulcera- 
tion through the skin The heart usually showed isolated circumsciibed 
tumor nodules, 2 mm to 1 cm in diameter, situated subendocardially in 
the ventricular myocardium or the interventricular septum Cardiac 
arrhythmia was not detected duiing the clinical study in these cases 
The adrenal glands were the organs most fiequently involved by this 
type of tumor (64 pei cent), often extensively, with almost complete 
destruction Invasion of the liver and pancreas by this type of tumor 
was both less frequent and less extensive than for the small cell carci- 
noma The average weight of the 10 livers showing metastases was 
1,780 Gm Involvement of lymph nodes was more frequent than in 
the cases of squamous cell carcinoma but much less extensive and con- 
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spicuous than in the case of small cell carcinoma Abdominal and 
cei vical nodes were each invaded in 27 per cent of the cases Extension 
to the inguinal nodes occuired only once, and there vas no instance of 
involvement of the axillaiy or submaxillary lymph nodes 

METASTASES TO THE BRAIN 

Metastatic tumor of the brain was found in 22 per cent of the 
entile group of cases However, the fiequency of involvement again 

Table 9 — Mclastascs to the Btain 


Number of Number of Number of Cases 

Cases Examinations of Metastasis Percentage 


Small cell carcinoma 
Squamous cell carcinoma 
Adenocarcinoma 
All types 


35 

40 

22 

97 


12 

19 

14 

45 


4 
1 

5 

10 


33 0 
53 
36 0 
22 0 


Table 10 — Clinical Data 



Small Cell 

Squamous Cell 

Adeno 


Carcinoma 

Carcinoma 

carcinoma 

Total number of cases 

35 

40 

22 

Age distribution 

30 39 

5 

1 

3 

40-49 

13 

11 

0 

60-59 

13 

12 

7 

60-69 

3 

11 

5 

70 79 

1 

5 

0 

80 89 

Average age 

46 years 

56 years 

1 

51 years 

Sex 

Men 

S3 

38 

16 

Women 

2 

2 

6 

Race 

White 

33 

36 

18 

Negro 

2 

4 

4 

Duration of symptoms 

6 months 

12 months 

8 months 


showed a distinct difference according to the cell type (table 9) In the 
cases of small cell carcinoma and adenocarcinoma there were metastases 
in 33 and 36 per cent of the cases, respectively These consisted of 
multiple round, circumscribed nodules, 0 5 to 3 cm m diameter, in the 
hemispheres, basal ganglions, midbram and cerebellum Clinically the 
lesions produced weakness or paralysis of the extremities, aphasia and 
headaches and were mistaken for cei ebrovascular accident, cerebral 
thrombosis or encephalomalacia Only 1 of the 19 brains examined in 
cases of squamous cell carcinoma showed metastasis, a solitar}^ tumor, 
6 cm in diameter, in the temporo-occipital lobe In this case a clinical 
diagnosis of primal y tumor of the biain had been made 
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CLINICAL OBSERVATIONS 

The distiibution of the tumors according to the age, sex and race of 
the patients is shown in table 10 The patients with small cell caicinoma 
showed an average age incidence of 46 years, thus this type of tumoi 
affects youngei persons than the squamous cell caicinoma oi the adeno- 
carcinoma The ratio of men to women in the entire series was 9 to 1, 
but for patients with adenocarcinoma it was only 2 7 to 1 The ratio of 
white to Negro patients in the 100 cases of caicinoma was 9 to 1, as 
compared with a ratio of 3 to 1 for all white and Negio patients who 
came to autopsy in the period studied 

Symptoms — Cough with or without expectoration, thoiacic pain, 
hemoptysis and dyspnea weie the most frequent symptoms in each of 
the three groups of cases The complaints in the cases of squamous 
cell caicinoma were almost uniformly lefeiable to the respiratory sys- 
tem The chief complaints in 4 cases of adenocarcinoma were due to 
metastatic lesions, i e , slow speech, vomiting, pathologic fracture of the 
cervical portion of the spine and pain m the back In the cases of 
small cell carcinoma the frequent formation of a mediastinal tumor was 
lesponsible for a triad of symptoms — dyspnea of the obstructive type 
dysphagia and dysphonia — not observed in the other cases Dysphonia is 
an infrequent symptom in cases of adenocarcinoma and is rare in cases 
of squamous cell carcinoma Abdominal pain and vomiting leferable 
to metastases were occasionally piominent in the cases of small cell 
carcinoma Two patients with small cell carcinoma entered the hospital 
complaining of a mass in the neck The total duration of symptoms 
from onset to death averaged six months in the cases of small cell 
carcinoma, twelve months in the cases of squamous cell carcinoma and 
eight months in the cases of adenocarcinoma In each of the gioup^. 
medical aid was usually sought late in the course of the disease 

Tumor of the Supeiwi Pnhnonmy Sulcus — No case fulfilling ai! 
the criteria for this tumoi, as originally defined by Pancoast,^ was found 
m the present study However, in 5 cases of small cell carcinoma and 
m 1 case of squamous cell carcinoma there were components of the 
“group complex” of the tumor, such as pain in the shoulder and arm 
atrophy of the muscles of the hand, pupillary changes and a roentgeno- 
gram showing a shadow at the extreme apex (with local costal involve- 
ment in 1 case) In every instance these weie associated with tumor at 
the thoracic inlet 

Cbmeal Diagnosis — The coirect clinical diagnosis was made in 56 
of the 100 cases of carcinoma Over the entire period of eleven years 

4 Pancoast, H K Superior Pulmonary Sulcus Tumor Tumor Character- 
ized by Pain, Horner’s Syndrome, Destruction of Bone, and Atrophy of Hand 
Muscles, T A M A 99 1391-1396 (Oct 22) 1932 
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the incidence of coirect diagnoses was appi oximately the same for each 
of the three groups In the last five years of the study, i e , 1933 to 
1937, inclusive, there was no essential increase in the number of cases of 
squamous cell carcinoma or adenocarcinoma in which a correct diag- 
nosis was made However, in 14 (80 per cent) of the 17 cases of small 
cell carcinoma for this period the coriect diagnosis was made, as com- 
paied to 4 (22 per cent) of the 18 cases for the preceding six years In 
the cases of squamous cell carcinoma the chief source of eiioi was the 
masking of the tumor by suppurative inflammation, with a resulting 
picture of pulmonary abscess (6 cases) Carcinoma was mistaken foi 
tubeiculosis m 4 cases In the cases of adenocarcinoma the mcoriect 
final impressions were carcinoma of unknown origin with metastases 
(4 cases), pulmonary tuberculosis (2 cases), and carcinoma of the 
esophagus, encephalomalacia and pleural effusion (1 case each) In 9 
cases of small cell tumor a tentative diagnosis of a malignant growth 
with metastases was made, but the site of origin was incorrectly 
ascribed i e , the stomach (4 cases) , thyroid gland, prostate and 
kidney (1 case each), and mediastinum (sarcoma, 2 cases) Pulmonaiy 
tuberculosis and pulmonary abscess were each diagnosed in 3 cases of 
small cell carcinoma 

Piecedtiig Pulmonaiy Disease — Frequently the clinical history did 
not give sufficient information to warrant conclusive interpretation 
However, all but a few patients stated that they were m good health 
prior to the onset of the present illness A past history indicating 
chronic pulmonary infection, such as bronchitis or bronchiectasis, was 
conspicuously absent Five patients gave a history of chionic cough of 
one to four years’ duration Only 2 had influenza (during the epidemic 
of 1917), and in none of the lecords was there a history of previous 
tuberculosis At autopsy active tuberculosis was present grossly m only 
2 per cent and healed tuberculosis m 5 per cent of the cases Pneu- 
monoconiosis was anatomically diagnosed m 5 cases These percentages 
are m accord with the postmortem incidence of tuberculosis and pneu- 
monoconiosis m a control group of unselected cases In the 2 cases 
of active tuberculosis the lesions were acute and minimal m extent and 
probably developed during the course of the carcinoma rather than 
before it 

Pulmonaiy Suppui ation — That primary carcinoma of the lung is 
tiequently masked by secondary pulmonary suppuration is a well known 
fact This was found to be especially true of squamous cell carcinoma 
which IS an invasive, infiltrating tumor accompanied by infection, necro- 
sis and the foimation of an abscess cavity Not mfrequentty, combined 
clinical and i oentgenographic studies do not conclusively differentiate 
between tumoi and abscess of the lung, or they demonstrate only the 
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latter when both are present Yet the diagnosis is of great impoitance, 
since suigical therapy may be indicated, especially for this type of 
tumoi, which showed metastases in 29 per cent of cases as compared to 
42 pel cent for the cases of noncavitatmg caicinoma Bronchoscopy is 
invaluable in establishing a diagnosis and should be carried out m all 
cases of pulmonaiy suppuration when the patient is over 40 years of 
age Autopsy showed that this piocedure would have demonstiated 
tumoi m the 9 cases m which an erroneous diagnosis of pulmonary 
abscess was made 

Tttmois of the Paienchyma and Bianch Bioncht — Of 12 patients 
Avith tumor showing no i elation to the major bronchus, 4 had no pul- 
monaiy symptoms In 2 of these cases the tumor was incidentally 
observed at autopsy, in 2 others the only complaints were leferable to 
metastatic tumor of the spine, and the piimaiy site of the carcinoma 
was not discovered The pulmonary symptoms of the remaining 8 
patients, for 6 of whom a correct diagnosis was made, were few in 
number, consisting chiefly of cough and thoracic pain The duration of 
the disease from clinical onset to death was approximately the same 
in this group of cases as for the cases of tumor involving the major 
bronchus 

COMMENT 

The histologic classification of piimaiy bi onchiogenic caicinoma can 
be correlated with essential differences in the growth and dissemination, 
clinical course and prognosis m cases of each type of tumor 

The small cell carcinoma is a highly malignant tumor which metas- 
tasizes extensively and shows a tendency to widespread extension 
through the lymphatic system The growth usually occurs at the hilus 
of the lung and infiltrates the suriounding parenchyma or grows into 
the posterosuperioi mediastinum Dissemination also occurs to a lesser 
extent by a hematogenous route The tumor affects younger peisons, 
and there is a rapid clinical course without notable remission The 
prognosis is pool At the onset oi in the early stage of giowth the 
tumor IS surgically inaccessible There is at present no convincing evi- 
dence of the efficacy of roentgen therapy ® 

The squamous cell carcinoma offers the most favoiable piognosis 
for suigical resection The tumor is locally invasive and infiltiating 
and shows little tendency to metastasize Invasion of lymph nodes occurs 
slowly and is usually of slight degree In the early stage of growth 
the tumor may be entirely within the hilus of the lung, and complete 
lemoval can be accomplished by pneumonectomy Autopsy studies indi- 

5 Graham, E A , and Singer, J J Successful Removal of the Entire 
Lung for Carcinoma of the Bronchus, JAMA 101 1371-1374 (Oct 28) 
1933 Edwards, A T Surgical Treatment of Intrathoracic New Giowths, Brit 
M J 1 827-830 (May 7) 1932 Graham, E A Primary Carcinoma of the 
Lung or Bronchus, Ann Surg 103 1-12 (Jan ) 1936 
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cate that with earlier clinical recognition an appreciable number of 
patients ^Mth this type of carcinoma could be treated surgically One 
case in which complete resection was achieved, in spite of a clinical his- 
tory of ten months’ duration, is included in this study The slow 
growth of this type of tumor, which is reflected in the comparatively 
long clinical course, is a distmctty favorable factor as regards prognosis 
The tumor involving a hyparterial bronchus m the lower lobe appears 
to offer the best prognosis for complete resection, since it invades the 
tracheobronchial lymph nodes less frequently than do tumors m other 
locations (table 6) 

The opportunity afforded for surgical treatment is less favorable in 
the case of adenocarcinoma than in the case of squamous cell carcinoma 
Though the former tumor is locally invasive and infiltrating, it shovs 
more frequent and extensive involvement of lymph nodes and metasta- 
sizes vigorously and by preference by way of the blood stream Since 
the tumor occurs within the hilus of the lung, early clinical recognition 
renders surgical intervention feasible prior to involvement of the tracheo- 
bronchial lymph nodes or extrathoracic metastasis Moreover, for this 
type of tumor, pneumonectomy may be warranted later in the course of 
the disease in the hope of alleviating symptoms and possibly prolong- 
ing life 

CONCLUSIONS 

The histologic classification of primary carcinoma of the lung may be 
correlated with essential differences m the growth, dissemination and 
piognosis typical of each type of tumor 

The small cell carcinoma is a highly malignant tumor which offers a 
poor prognosis Usually primary at the hilus of the lung, it readily 
invades the posterosuperior mediastinum and metastasizes extensively, 
with especial tendency to widespread extension through the lymphatic 
system The tumor occurs in younger persons, and theie is a shoit, 
rapid course without notable remission 

The squamous cell carcinoma is a slowly growing, locally invasive 
and relatively nonmetastasizing tumor accompanied by infection, necrosis 
and cavity formation Involvement of lymph nodes other than the 
regional and tracheobronchial nodes is infrequent This type of carci- 
noma, particularly a growth involving the hyparterial bronchus of the 
lower lobe, offers the most favorable prognosis for complete resection. 

In cases of adenocarcinoma, surgical intervention is less favorable, 
since the tumor, while locally invasive, shows more frequent and more 
extenswe lymph node involvement and metastasizes vigorously by way 
of the blood stream 

Dr Howard T Karsner and Dr Herbert S Reicble advised concerning this 
study 
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A leview of the liteiature on the gastiointestinal tiact covering 1937 
and the first half of 1938 must piesent at best a comi^osite pictuie 
Owing to the complicated mechanism which the digestive tiact is con- 
trolled, it IS obvious that seaichers aftei moie oi less isolated facts 
must frequentl} be at variance The known vaiiables involving the 
piocesses of digestion are becoming incieasingly more ntimeious 
Because of this fact it is more and more difficult to draw definite and 
lasting conclusions as to etiologic oi physiologic piocesses 

Fiom the anatomico-pathologic point of view little new has been 
added during the period covered, although theie has been a constantly 
increasing number of obseivations on some of the rarer conditions 
Obseivations based on clinical studies oi animal experimentation offii- 
ously represent attempts to elucidate ceitain fundamentals, and disci ep- 
ancies between individual investigations still serve to show'^ how^ delicate 
and how involved is the motor and secietoiy function that has to do 
with the ingestion, prepaiation, absorption and elimination of food piod- 
ucts It IS of inteiest that more and moie sciutiny is being directed 
tow^ard the relation between the central nervous system, the autonomic 
neivous system and the digestive tract The impoitance of the psyche 
in its influence on digestive processes is being moie cleaily and logically 
presented Applied phaimacology in relation to gastiointestinal physi- 
ology is increasingly pioductive of lesults, which aie still, however, 
confused and at times discordant Theiapeutic methods are being 

From the Department of Medicine of the Massachusetts General Hospital 
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levised on the basis of physiologic studies and clinical results but, as 
usual, leave much to be desired 

The present review attempts to discuss in a more or less logical 
sequence what have seemed to be the most impoitant and outstanding 
clinical and expeiimental studies 

THE ESOPHAGUS 

Dilatation of the esophagus has been considered from seveial angles 
Stiauss,’- m careful studies on autopsy specimens m 5 cases, noted that 
dilatation started above the area where the esophagus goes through 
the diaphiagm In younger subjects he believes that such dilatation 
may be due to constiiction by the crura of the diaphiagm, whereas in 
oldei pel sons he believes that most fiequently it is due to relaxation of 
the esophageal hiatus 

Etzel ^ presents evidence that lesions of Auerbach’s plexus aie not 
necessarily the result or the cause of esophageal dilatation His observa- 
tions were made at autopsy in 2 carefully studied cases and on sections 
of the esophagus of a dog with experimental constriction of that organ 

McGibbon and Mather^ present data on a small group of cases in 
which there were aieas of spasm of the esophagus at a level well above 
the cardia The spasm at times gave the appearance of a so-called 
functional diverticulum and was transient or intermittent in some and 
peisistent m others It appeared to be a neurologic manifestation, at 
times associated with disease of other organs 

An interesting study on so-called caidiospasm is that of Lendium,^ 
based on a complete autopsy study of 150 controls, numerous animals 
and 13 patients with “cardiospasm ” No evidence was found histo- 
logically of a true sphinctei at the cardia, although theie were more 
adventitial elastic fibeis at the level of the cardia than in the middle 
poition of the esophagus The myenteric plexus appeared to be the 
same throughout the lower two thirds of the esophagus Histologic 
studies in 13 cases of “cardiospasm” showed, among other anatomic 
changes, a maiked deciease m the number of ganglions of Auerbach’s 
plexus in comparison with the number m control material previously 
studied 

1 Strauss, H Ueber hiatogene oder phrenogene Oesophagusdilatation, Arch 
f Verdauungskr 61 158, 1937 

2 Etzel, E La dilataci6n del esofago frente a las lesiones del plexo de 
Auerbach en el megaes6fago, Bol y trab de la Soc de cir de Buenos Aires 21 
131, 1937 

3 McGibbon, J E G , and Mather, J H Simple Non-Sphincteric Spasm 
of the Esophagus, Lancet 1 1385, 1937 

4 Lendrum, F C Anatomic Features of the Cardiac Orifice of the Stomach, 
with Special Reference to Cardiospasm, Arch Int Med 59 474 (March) I 937 ’ 
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Jonsson ® gives an inteiesting loentgenogiaphic study of the hypo- 
pharynx and the uppei portion of the esophagus in 50 normal persons, 
at least 18 of them showing definite bulging in the posterior wall and 
immediately below the cricoid cartilage, corresponding to the so-called 
esophageal lip of Killian Such a finding is at times incorrectly inter- 
preted as a sign of a foreign body Jonsson presents in detail the 
anatomic relations at the esophageal mouth and discusses the corre- 
spondence between the so-called esophageal lip and a pulsion diver- 
ticulum 

Of moderate interest is the repoit of Wallace,® who reviewed the 
histones of 26 patients foi whom a roentgen diagnosis of ti action 
diverticulum of the esophagus had been made Contraiy to the usual 
conception that such diverticula are most frequently asymptomatic, over 
one third of Wallace’s patients presented symptoms, varying from 
acute hematemesis to substernal pain and dysphagia 

Benedict and Daland " piesent the curious complication of benign 
stricture of the esophagus and duodenal ulcei, with a discussion of 
previously reported cases 

Of slight interest is the report by Piquet and Tison ® on the apparent 
relation between alcoholic addiction and cancel of the esophagus Of 
110 patients with cancel of the esophagus, 102 weie exceedingly heavy 
drinkers 

The surgical tieatment of cancer of the esophagus still presents 
almost insuperable technical difficulties Seveial successful operations 
on individual patients have been noted, however, and Gailock® repoits 
in detail on 3 patients who were successfully operated on for lesions of 
the thoracic portion of the esophagus The technic and the preoperative 
and postoperative caie are desciibed m great detail 

THE STOMACH 

Numerous studies have been carried out regarding the relation 
between the central nervous system and the control of gastiic secretion 
Heslop,’-® in a caiefully performed set of experiments on cats and dogs, 

5 Jonsson, G Notes on the X-Ray Picture of the So-Called Esophagus 
Lip, Acta radiol 18 452, 1937 

6 Wallace, R P Traction Diverticulum of the Esophagus, Arch Int Med 
60 454 (Sept) 1937 

7 Benedict, E B , and Daland, E M Benign Stricture of the Esophagus 
Complicating Duodenal Ulcer, New England J Med 218 599, 1938 

8 Piquet, J, and Tison Alcool et cancer de I’oesophage, Bronchoscop, 
cesophagoscop et gastroscop , April 1937, p 137 

9 Garlock, J H Operation Cancer of the Esophagus, Surg Gjmec & 
Obst 66 535, 1938 

10 Heslop, T S The Nervous Control of Gastric Secretion An Experi- 
mental Study, Brit J Surg 25 884, 1938 
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for the most part confirmed previous experimental woik on this subject 
He concludes from his observations that the response of gastric secre- 
tion to histamine is independent of nervous influences Pure acid 
juice was obtained after stimulation with histamine, despite section of 
the fibeis of the splanchnic and vagus nerves He thinks that the 
secretion of mucus by the stomach is partly under the control of 
the sympathetic portion of the autonomic nervous system and that the 
splanchnic neives contain parasympathetic as well as sympathetic fibeis 
Localized stimulation of the anterior and posteiior portions of the 
hypothalamus produced parasympathetic and sympathetic effects 

Various investigators have elaborated on Cushing’s earlier sug- 
gestions on the relation between a lesion of the midbram and concurrent 
ulceration of the stomach or duodenum Koga reports experiments 
on rabbits with injury to the region of the third ventricle In one thud 
of the experimental animals there were hemorrhages and eiosions in 
the gastric mucous membrane, while there were none m the control 
animals Fifty per cent of 18 animals after resection of the vagus 
nerve below the diaphragm showed similar lesions, while 60 per cent 
of 32 animals after resection of the splanchnic nerve and the solar 
and superior mesenteric ganglions showed gastric lesions It was 
thought that the lesions were due to local secretory disturbances and 
that they were different from the usual peptic ulcer 

The experimental lesions of the central nervous system produced 
by Chiariello were fundamentally m accord with those just noted 
Lesions involving the optic thalamus m dogs, along with other nuclei 
to some extent, were associated with hemorrhagic changes m the gastric 
mucosa The author believes that these vascular lesions are fundamental 
and that they are characteristic of severe lesions of the midbiam but 
have nothing in common with true peptic ulcer They show, he thinks, 
only that certain points of the nervous system, especially of the optic 
thalamus, are true trophic centers for the mucosa of the digestive tube 

Martin and Schnedorf,^^ m a study on monkeys and cats, produced 
small isolated lesions by electrocoagulation m the hypothalamic area 
Unlike the findings m the previous studies, m which the trauma to the 
brain tissue was undoubtedly much more extensive, all the autopsy 
observations, as well as studies of the stools and vomitus, failed to 

11 Koga, H Tierexperimentelle Untersuchung uber die Magenveranderung 
bei der Lasion des Vorderhirns und des autonomen Nervensystems, Arch f 
khn Chir 188 449, 1937 

12 Chianello, A G Lesioni spenmentali del sistema nervoso centrale ed 
ulcera gastnca, Rassegna internaz di dm e terap 18 489, 1937 

13 Martin, J , and Schnedorf, J G The Absence of Changes m Gastric 
Activit}"^ and of Gastro-Intestmal Ulceration Following Hypothalamic Lesions 
in the Monkey and Cat, Am J Physiol 122 81, 1938 
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show any evidence of gastiic ulceration There were also no changes 
m gastric secretion 

The case piesented by Vanzant^^ of a duodenal ulcei with inelena, 
apparently occuriing twenty days aftei an acute injury of the biain, is 
of interest in relation to Cushing’s cases and to the afoiementioned 
experimental work 

Vascular gastiic lesions, similar to those just leferred to, were 
procured by Dodds in labbits aftei the subcutaneous injection of an 
extract of the posterioi lobe of the pituitaiy body If the gastric 
contents weie neutiahzed by the administration of alkali previous to 
the administiation of the extract, no lesions weie produced Extract of 
the anterior lobe appeared to have no effect Extract of the posterior 
lobe, however, when given by mouth, apparently had a direct local 
effect in producing ulceration Dodds believes that his findings confirm 
the idea that the secietion of the posterioi lobe of the pituitary body 
IS essential to noimal gastiic secietion but that at piesent it is impossible 
to apply these expeiiments clinically 

By inference. Snapper’s report on 5 patients with insufficiency of 
the antenoi lobe of the pituitary body' and associated complete gastiic 
achylia is of interest, suggesting as it does a possible physiologic effect 
of the anterior lobe on gastric secietion 

That gastric seci etion is only m part mediated by the vagus nerves is 
verified by' the observations of Nicolini,^' who perfoimed numerous 
gastric analyses on a group of patients with postencephalitic Paikin- 
son’s disease who weie receiving ati opine theiapy In spite of evidences 
of paralysis of the vagus neive after use of the diug, it was not possible 
consistently to reduce the gastiic acidity' As in prcMous investigations, 
varying effects of the diug on gastric secretion weie noted, but tlie 
writer stresses pai ticularly' that gastric secietion apparently can be 
entiiely independent of vagal actn'ity' 

Gastric secretory studies after standaidized suigical proceduies, 
while inconclusive, are still of some interest Holman and Sanduslcy 
completely' review the literatuie on gastiic acidity' after gastroenterostomy 
and point out the wide variation m the lesults which have been reported 

14 Vanzant, F R , and Brown, J A A Case of Peptic Ulcer in a Child 
Following Brain Injury, Am J Digest Dis & Nutrition 5 113, 1938 

15 Dodds, E C Recherches recentes sur le lobe posterieur de I’hypophyse, 
Pans med 2 274, 1937 

16 Snapper, I Relation Between Anterior Pituitary Insufficiency and Func- 
tion of Stomach and Bone Marrow, Nederl tijdschr v geneesk 81 265, 1937 

17 Nicolmi, E La funzione secretoria dello stomaco in rapporto alia som- 
mimstrazione cromca di forti dosi di belladonna (ricerche su encefahtici in cura 
bulgara), Studium 28 97, 1938 

18 Holman, C , and Sandusky, W R Gastric Acidity After Gastro-Enteros- 
tomy. Am J M Sc 195 220, 1938 
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They call attention to the pitfalls of secretory studies aftei the Ewald 
test meal By using a more careful technic, consisting of the constant 
suction method of Bloomfield and Polland and stimulation with hista- 
mine, they found that the actual acidity of the gastric secretion was not 
mateiially altered by posterior gastroentei ostomy m 92 per cent of 75 
patients investigated This appeared to be true in practically all cases, 
regardless of the duration of time after operation The authors conclude 
that the titiatable acidity determined befoie and aftei operation cannot 
be used as a prognostic criterion of the theiapeutic results of gastro- 
enterostomy 

Strauss and Necheles and then associates,^® after detailed studies 
made on 44 patients who had been subjected to subtotal gastrectomy 
for ulcer, conclude that there is no real correlation between clinical 
results and certain physiologic variables, such as the emptying time of 
the stomach, the hunger motility of the stomach, the gastroscopic appear- 
ance of the stomach, gastric analysis, preoperative anemia and clinical 
symptoms The only constant finding, according to these mvestigatois, 
IS the correlation between the postoperative results and the gam in or 
loss of weight Somewhat similai conclusions were arrived at by 
Goivett and Talbot®® In 26 carefully studied cases these investigators 
were unable to find any correlation between the preopeiative gastiic 
acidity and the postoperative level, although m 65 per cent of the cases 
the Ewald meal showed postoperative achloihydna No constant 
changes m the blood were noted postopei atively The emptying time 
of the stomach after operation m four fifths of the cases was less than 
thiee and one-half hours (at the lower limit of normal), but one fifth 
of the patients still had a normal emptying time There was no evidence 
of gastric dilatation m any of the cases Eighty per cent of the patients 
maintained their weight or gamed weight after operation The patients 
weie studied at periods of fiom five months to two yeais after operation 

Two rather interesting observations on gastric secretion are pre- 
sented by Schiff and by Bi own and Dolkai t ®® Schiff carried out 
neaily 80 separate gastiic analyses foi a single patient ovei a period 
of foul and one-half yeais Gastric secretion was stimulated by the use 
of histamine There was a definite variation m the level of gastric 

19 Strauss, A A , Strauss, S , Levitsky, P , Scheman, L , Lerdmon, E E 
Arens, R A , kleyer, J , and Necheles, H Physiological and Clinical Study of 
Patients After Subtotal Gastrectomy, Am J Digest Dis & Nutrition 4 32, 1937 

20 Gorvett, E A , and Talbot, E S Physiologic and Symptomatic Expectancy 
Following Subtotal Gastrectomy, Am J M Sc 193 345, 1937 

21 Schiff, L Gastric Secretion in Man Observations on the Effects of 
Repeated Injections of Histamine and on Transient Achlorhvdna, Arch Int Med 
61 774 (May) 1938 

22 Brown, CFG, and Dolkart, R E Gastric Acid During Recurrences 
and Remissions of Duodenal Ulcer, Arch Int Med 60 680 (Oct ) 1937 
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acidity ovei this peiiod, and it is interesting to note that temporary 
periods of relative achlorhydria weie observed There was no evidence 
that repeated stimulation with histamine caused fatigue of the secretory 
apparatus , and with the dosage used, there was no evidence of abnormal 
gastric symptoms It is also interesting to note that the intrinsic anti- 
anemic factor was piesent in all the samples obtained, including those 
taken during periods of achlorhydria Blown and Dolkart made 
observations on 20 patients and 5 controls, the aA'^erage peiiod of observa- 
tion being a little over three years An average of 50 gastric analyses 
were made foi each patient with the Ewald meal Fifteen of the 
patients had duodenal ulcers, which had been piesent for an average of 
eleven years Careful observations regarding seasonal incidence and 
recurrences of the ulcer seemed to indicate that although gastric acidity 
varied widely, there was no relation between the level of acidity and 
the degree of symptoms present or any other evidence of ulcer activity 
A second gioup of patients with ulcer failed to show any significant 
reduction of acidity during fasting while under strict treatment of the 
Sippy type or otherwise These studies aie chiefly important because of 
the long period of observation and because of the demonstration of wide 
fluctuations of gastric secietion m normal and diseased patients 

Another set of clinical observations on gastiic secretion is that of 
Comfort, Butsch and Eusterman,-® who examined the gastric secretory 
activity of 79 patients in whom cancel of the stomach developed after 
the first gastric analysis The average length of time intervening 
between the first gastric analysis and the subsequent diagnosis of cancer 
of the stomach was six years Twenty-eight of the patients retained free 
acid at a practically unchanged level even after the development of cancer 
Achlorhydria developed during the six years m those patients particularly 
who originally had low values for acid Although these studies are of 
some interest, they give little furthei information as to the histologic 
relation between achlorhydria and cancer of the stomach They suggest, 
however, that a diminution in the secretory activity of the stomach pei se 
has no causative relation to the development of cancel 

An added item of some interest is the finding of Fabian that the 
amount of salivary seci etion is reduced in gastric cancer, achylia gastrica 
and pernicious anemia but particularly in pernicious anemia This dimi- 
nution is essentially one of quantity, as the chloiide content of the saliva 
IS only slightly diminished and the ferment content not at all 

23 Comfort, M W , Butsch, W L, and Eusterman, G B Observations on 
Gastric Acidity Before and After the Development of Carcinoma of Stomach, 
Am J Digest Dis & Nutrition 4 673, 1937 

24 Fabian, G Untersuchungen uber die Speichelsekretion bei Magencarcinom, 
pernizioser Anamie und Achylia gastrica, Ztschr f khn Med 131 403, 1937 
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Studies of gastric motility continue to indicate the existence of 
various factors influencing this function Andersen demonstrated by 
means of an mtragastric balloon attached to a kymograph that the admin- 
istiation of food through a duodenal tube was associated with absolute 
lack of gastric constriction provided the stomach was emptied The 
presence of a little food in the stomach appealed to initiate gastric 
motor activity, which was already slightly modified by duodenal feeding 
The results of these experiments are mainly confirmatory of the already 
known value of duodenal feedings m mtragastric disease 

The effect of bilateial resection of the splanchnic nerves on gastiic 
motility was studied by Barron and Curtis m 2 cases Observations 
on the gastric motor mechanism were made before operation Subse- 
quent to unilateral resection of the splanchnic nerves there was no 
change m the average rate of gastric emptying, but after bilateral resec- 
tion theie was a decrease of well over an hour m the emptying time, 
with a definite increase in the number and in the amplitude of the 
contractions and a marked increase in the duration of periods of gastric 
motility These findings were noted for at least seven months 

Sleeth and Van Liere demonstrated in dogs that a low environ- 
mental temperature decreased the emptying time of the stomach, whereas 
an elevation of the temperature surrounding the body increased it At 
15 F the gastric emptying time was 17 per cent less than normal, and at 
90 F it was increased 10 per cent The same investigators also found 
that the administration of digitalis definitely decreased the emptying 
time of the stomach in healthy young men The administration of 5 cc 
of tincture of digitalis mixed with a standard test meal i educed the 
gastric emptying time from 13 to 25 per cent Clinical confirmation of 
these studies is apparently afforded by Hollander’s observations on 5 
patients with so-called pylorospasm After the administration of two 
thirds of a digitalizing dose by Eggleston’s method, the administration 
of tincture of digitalis produced definite relief m all 5 patients when 
added to a regime that had previously been unsuccessful in conti oiling 
then symptoms 

25 Andersen, M Gastrographic Studies Under Administration of Food 
Through Duodenal Tube, Acta med Scandinav 93 437, 1937 

26 Barron, L E , and Curtis, G M Late Effects of Bilateral Resection of 
Splanchnic Nerves on Human Gastric Motor Mechanisms, Am J Physiol 120 
356, 1937 

27 Sleeth, C K, and Van Liere, E J Effect of Environmental Temperature 
on Emptying Time of Stomach, Am J Physiol 118 272, 1937 

28 Van Liere, E J , and Sleeth, C K Immediate Effect of Tincture of 
Digitalis on the Emptying Time of the Human Stomach, Arch Int Aled 61 
83 (Jan) 1938 

29 Hollander, E Treatment of Pylorospasm with Digitalis Report of Five 
Cases, Am J Digest Dis & Nutrition 4 158, 1937 
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Studies on the hungei mechanism weie earned out by Manville and 
Munioe,®® who performed ileogasti ostomy on dogs and observed motor 
and secretory activity aftei the administration of 10, 20 or 25 per cent 
solution of dextiose intragastrically They found, as have pievious 
observeis, that hunger conti actions were inhibited by the introduction of 
dextrose solution into the stomach The leappeaiance of gastric motilit). 
uas not always associated with a diop m the blood sugar content 
Dextrose solution so introduced was also found to inhibit gastric motoi 
activity induced with pilocarpine hydiochloride and insulin, and a similar 
mhibitoiy effect was obtained on gastric secietion piovoked with hista- 
mine, pilocarpine hydrochloride, insulin and sham feedings The investi- 
gatois feel that theie was genuine dissociation between secretory and 
motor activity 

Lahch, Youmans and Meek studied in dogs the effect of insulin on 
gastric motility The injection of insulin into intact dogs has pievioush 
shown an augmentation of gastric motility, but after vagotomy the stim- 
ulation IS replaced b}'' inhibition, even though the gastric musculature 
may recover some of its tonus This inhibitory effect of insulin on 
gastric motility aftei vagotomy persisted aftei section of the splanchnic 
nerves, after lemoval of the celiac ganglions and after removal of one 
adienal gland and the medullaiy poition of the other The authois 
believe that they have obtained evidence that the normal stimulating 
effect of insulin on gastric motility is thiough the vagal centeis and 
that the inhibition of gastiic motility becomes apparent only with elimina- 
tion of abdominal vagal stimulation 

An interesting set of experiments on the factor of muscle spasm 
111 the etiology of jejunal ulcer was carried out by Fauley and Ivy®' 
These were similar to previous experiments performed on dogs b) 
Steinberg and Starr The latter investigators concluded from then 
experiments that muscle spasm is essential to the formation of jejunal 
ulcer The procedure consisted in performing gastrojejunostomy and 
at the same time denudation of the muscular layers of the jejunum 
adjacent to the anastomosis after the duodenal contents had been 
diverted into the terminal portion of the ileum In the original experi- 
ments, ulcer did not develop in the denuded area The experiments 
conducted by Fauley and Ivy were identical except that the anastomosis 
was end to end instead of side to side Of 14 dogs successfully operated 
on, 13 died of ulcer at the usual site in from ten to twenty- three weeks 

30 Manville, I A, and Munroe, W R Studies on the Gastric Hunger 
Mechanism II The Inhibitory Effect of Dextrose Solutions, Am J Digest 
Dis & Nutrition 4 561, 1937 

31 Lahch, J , Youmans, W B , and Meek, W J Insulin and Gastric Motility, 
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Jejunal Ulcer, Am J Digest Dis & Nutrition 4 160, 1937 
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and the findings led to the conclusion that local musculai spasm is not 
essential to the development of jejunal ulcer after gastrojejunostomy 

The effect of various drugs on gastric secretion has been a source 
of study for several yeais In a carefully piepared papei Babkin^" 
discusses 111 detail the physiologic action of histamine There is extensive 
leference to the literature but no detailed description of his own unpub- 
lished experimental work He aims to show that in the normal proc- 
esses of gastric secretion during which histamine is liberated or as a 
result of the subcutaneous administration of histamine, of electric 
stimulation of the vagus neives or of sham feedings in dogs with 
esophagotomy, there is an inherent possibility of pathologic disturbances 
which may eventually lead to damage of the gastric or duodenal wall 
so as to result in peptic ulcer The suggestions contained in this woik 
aie stimulating although not new The aiticle piesents a fairly compie- 
hensive resume of this conception of gastric secietoiy activity The 
author says that Necheles’ theory of ulcer formation due to the output 
of acetylcholine is “tempting” but finds inconsistencies m it 

Riveis and Vanzant,^^ using a double histamine test, i e . a second 
injection of histamine one houi after the original administration of 
the drug, found nearly an equal increase in the amount of gastiic pepsin 
after each injection of histamine They conclude that histamine not 
only washed out the preformed pepsin but also stimulated increased 
production of the ferment 

Necheles,®® following the knowledge that parasympathetic stimulation 
liberates acetylcholine and that stimulation of the gastric division of the 
vagus nerve causes acetylcholine to appeal in the venous blood from the 
stomach, attempted a new approach to the genesis of peptic ulcei Pei- 
fusion experiments m rats and dogs show that acetylcholine tends to 
produce anoxemia of the gastiic tissues, which theoretically would be 
more marked over those areas most richly supplied with vagus fibers 
He postulates the hypothesis that ulcer may frequently be due to an 
overproduction of acetylcholine in such areas in patients who are subject 
to excessive autonomic stimulation 

Experiments by Necheles, Motel, Kosse and Neunelt®® on the 
action of acetylbetamethylchohne and prostigmin on gastric secretion in 

33 Babkin, B P The Abnormal Functioning of the Gastric Secretoij' 
Mechanism as a Possible Factor in the Pathogenesis of Peptic Ulcer, Canad 
M A J 38 421, 1938 
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man and dog attempted to furthei the aforementioned hypothesis These 
workers showed in dogs with a Heidenhain pouch an inciease in gastric 
acidity, in volume of gastiic secietion and in pepsin secretion after 
injections of acetylbetamethylchohne They found that this drug and 
histamine weie synergistic in relation to gastric secretion The diug 
stimulated gastiic secietion in human beings, provided care was taken to 
avoid the swallowing of saliva Saliva was found to inhibit the secretion 
of gastiic acid induced by the drug Somewhat similar lesults were 
obtained with prostigmin, and the authors take care to advise against 
the use of eithei of these two diugs in the treatment of peptic ulcei, as 
proposed in the liteiature The expeiiments of Banting on overstimula- 
tion of the parasympathetic nervous system by acetylbetamethylchohne 
in animals seems to confirm Necheles’ view Banting found lesions 
typical of peptic ulcer in the stomach of his animals, in addition to a 
certain number of colonic lesions 

The effect of aluminum prepaiations on gastiic acidity and secietory 
activity was studied by Ivy and his associates They found in 6 gradu- 
ate students who were accustomed to using the stomach tube that the 
admimsti ation of aluminum preparations reduced free acidity for forty- 
five minutes or longer There was a variation in individual subjects, 
and a definite tendency to an mciease in acidity after aluminum had been 
evacuated was characteristic of 4 of the subjects 

Beazell, Schmidt and Ivy also carried out obsenations on the 
effect of aluminum hydroxide on absorption from the gastrointestinal 
tiact By in vitio experiments it w'^a? shown that the activity of pan- 
creatin was unaltered by the presence of aluminum hydroxide In 3 
dogs, liberal amounts of aluminum hydi oxide cream, when added to a 
day’s ration, increased the total bulk of the stools but produced no 
increase in the nitrogen or fat content 

Culmer, Atkinson and Ivy^® demonstrated that solution of hydiogen 
peroxide acts as a definite depressant of gastric acidity There appears 
to be wide indnudual variation Appai ently the sti onger the solution of 
hydrogen pei oxide, the greater the depression of gastric acidity The 
authors believe, howevei, that the drug is not a satisfactoiy clinical 

37 Banting, F G , and Hall, G E The Experimental Production of Myo- 
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preparation and point out that its use in the treatment of ulcer is asso- 
ciated with the danger of precipitating an acute hemorrhage These 
findings are of interest m view of the use of solution of hydrogen 
peroxide in the treatment of gastritis, wherein only beneficial results 
have been claimed for it 

Studies on the cephalic (psychic) phase of gastiic secretion have 
been carried on by Wilhelmj, McCarthy and Hill In a brief study it 
has been shown that the presence of tenth-normal hydiochloric acid m 
the stomach and m the upper portion of the intestine causes definite 
inhibition of the intragastnc chemical and intestinal phases of acid 
secretion In most instances these authors are able to show that the 
psychic phase of acid secietion can break through the inhibitoiy effect 
produced by the presence of acid in the stomach and duodenum and can 
cause a fairly high rate of acid secretion The secretory energy of the 
psychic phase of gastric secietion may often exceed that due to the intra- 
gastric or intestinal phases, and it is believed that it is possible for the 
psychic phase of secretion to be responsible for a degree of hyperacidity 
unattainable by the other two phases alone 

Some scattered observations related to gastric physiology are of 
interest 

The bactericidal power of gastric juice, which has long been recog- 
nized, has been studied by Sebastianelh Studies carried out on a 
large number of specimens of gastric juice appeared to show that the 
bactericidal power of whole gastric juice on colon bacilli is much gi eater 
than that due to gastric acidity alone Gastric juice which is intensely 
acid possesses little, if any, greater bactericidal power than gastric juice 
of low acidity 

Thiele records that values for the calcium content of the blood 
run parallel with the titratable gastric acidity The calcium content is 
especially low in cases of gastric carcinoma, and the intravenous 
administration of calcium appears to increase the gastric acidity 

Christiansen has continued to make observations on azotemia, 
which is often associated with fever m gastrointestinal hemorrhage 
This may be present in the absence of vomiting or associated renal 
disease The striking increase m the urea content of the blood after 
massive mti amtestinal hemorrhage is discussed, and various possible 
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explanations are offered for its occurrence None of these explana- 
tions seems adequate either to the author oi to the reviewers, but 
the chemical finding is of interest 

Another isolated finding involving the chemical analysis of the 
blood IS that of Offenkiantz and Feraro,"*^ who studied the cholesterol 
content of the serum of patients with peptic ulcer The total choles- 
terol value was significantly lower than normal figures This reduction 
appeared to be due to a fall in the value for cholesteiol esters The 
authors attempt no explanation but feel that the finding is of some 
interest and significance in view of the fact that most of the patients 
were being treated with the high fat diet common to most ulcer 
1 egimens 

Although of little practical value, the study of the diastase content 
of the blood of patients with ulcer by Piobstein, Giay and Wheeler 
IS of some clinical interest Diastase determinations veie obtained 
for 9 patients who came to autopsy as a result of an acute pei forated 
ulcer In the 3 cases m which the ulcer involved the pancreas, the 
diastase content was found to be model ately elevated above normal 
In 1 instance it was at an exceedingly high level and was well within 
the lange of values found in acute pancreatitis In the 5 cases in which 
the pancreas was not involved, the values obtained were all normal 
The authors conclude that a normal or low diastase value not only 
lules out acute pancreatitis, as is geneially accepted, but also rules 
out penetration of a peptic ulcer into the pancreas 

Hollander suggests a modification of the Bloomfield-Keifer tech- 
nic of gastric analysis He obserA’-es that the use of phenolphthalein 
as a dilution indicator m gastric analysis is unsatisfactory because of 
loss by piecipitation at a high pn, he suggests the substitution of phenol- 
sulfonphthalem (phenol led) 

Woldman suggests a iicav simple test foi the deteimmation of a 
break in the continuity of the mucous membrane of the gastrointestinal 
tract The test is based on the fact that phenolphthalein given b} 
mouth IS excreted almost in toto in the feces Unless laige amounts 
are taken, that appearing m the urine is in the conjugated form and 
does not give an immediate coloi leaction Avith sodium hydroxide 
The test consists of the introduction of 1 pei cent alcoholic solution 
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of phenolphthalein by mouth during fasting and the testing of the 
uiine at two and four hour mter\als If phenolphthalein appears in 
the urine, this is mterpieted as evidence that there is a break in the 
gastrointestinal mucous membrane Foi 212 patients and normal per- 
sons the test IS said to have been collect, with an eiioi of less than 3 
pel cent 

Crohn and Shwaitzman^® present an mteiestmg and piobably 
important paper on lecunences of ulcer m association with infection 
of the upper respiiatory tiact The clinical fact appeals to be well 
established and is famihai to most clinicians The authors propose 
that the Shwartzman phenomenon is operative in such lecurrences and 
believe that a state of leactivity is set up m patients with ulcer by 
secondaiy bactericidal invaders Once this state is set up, local infec- 
tion may be produced by viruses oi b}- bacteria which produce infec- 
tion 111 the intestinal organs Several examples of lecuirences of 
ulcer, especiall}^ with hemorrhage, aie presented in association with 
mtei current infection of the respiiatory tract 

The expel imental pioduction of peptic ulcei continues to interest 
numerous investigators In an earlier portion of this review, allusion 
was made to vaiious theories of ulcer formation, either by abnormal 
stimulation of the autonomic nervous system or by the local action of 
acetylbetamethylchohne, histamine or other substances Of the various 
methods for the experimental production of ulcer that have been 
lecently reported, the following are chosen, not as providing abso- 
lutely new material but as exemplifying stimulating investigative woik 

Stalker, Bollman and Mann cai ried out numerous observations 
on experimental ulcers due to cmchophen They previously described 
this method in the pioduction of peptic ulcer in dogs, after the original 
findings of Churchill and Van Wagoner In the present studies the 
authors confiimed the results of their previous investigations, in 77 
dogs given cmchophen they found an incidence of 96 per cent of ulcei 
formation The larger the dose, the more rapid the formation of the 
ulcer For the most pait, the ulcer was found on the lesser curvatuie 
of the stomach, although a few duodenal ulcei s were noted The use 
of bone in the diet seemed to extend ulcei formation but did not delay 
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healing aftei the use of cinchophen Regaidless of the method of 
administration^ cinchophen produced ulcers A characteristic of the 
cinchophen ulcer is that it starts with destruction of the mucosa and 
progresses as does peptic ulcer m man From observations made on 
animals on which various agents were employed that aie used in the 
treatment of ulcer in human beings, the authors conclude that gastric 
acidity IS an important factor in the production of a cinchophen ulcer 
The taking of alkaline powders oi milk or gastioenterostomy preceding 
the administration of cinchophen prevented the formation of an ulcer 
Other measures were less efficacious Exclusion of the pylorus prior 
to the administration of cinchophen prevented the formation of an 
ulcer m the excluded poitions Studies of gastric secietion led 
to the conclusion that the administration of cinchophen resulted 
m no change in the level of acidity There appeared to he hypersecre- 
tion when the ulcer had fully developed, followed b)'’ hyposecretion 
wnth omission of the drug The ulcer produced was usually single 
and was found on the lesser curvature of the stomach It appeared 
to be preceded by acute gastritis, which w^as less severe after the first 
two weeks An ulcer of the perforating type developed in three weeks 
and gave the appearance of being chronic 

Simonds,®^ m a histologic study of the material originally described 
by Van Wagoner and Churchill, summaiizes his conclusions as fol- 
lows “The feeding of old cinchophen to dogs is the most effective 
method of producing peptic ulceis, resembling in all essentials the 
spontaneous ulcer in man ” Histologically the sequence of events is 
that of severe gastritis, which may be diffuse and mild and is accom- 
panied by plasma cell infiltration of the mucosa, oi it may be focal 
and may be characterized by the formation of small abscesses in any 
level of the mucosa This gastiitis occurs apparently within tw^enty- 
four hours after the initial feeding of cinchophen and theiefore pre- 
cedes the ulcer It is believed to be an important factoi in its causation 
The principle of the production of ulcer by the exclusion of bile 
from the small bowel is not new Various methods have been tested, 
but the study of DeBakey on the relative pioductive value of these 
IS noteworthy in that it reveals the conflicting inteiests in the experi- 
mental production of ulcer in dogs and also attempts to place the rela- 
tive value of three components of the duodenal juices m the prevention 
of ulcer formation The author has attempted to obtain comparable 
data m his expeiiments by using a similar technic foi all dogs with only 
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minor variations In each instance the pylorus was severed, and the 
gastric and duodenal ends were closed In addition, four variations 
were introduced anterior gastroenterostomy, transplantation of the 
mam pancreatic duct of the terminal portion of the ileum, transplanta- 
tion of the common bile duct of the terminal portion of the ileum and 
transplantation of both the pancreatic and the common bile duct In 
these procedures the production of ulcer was, respectively, 50, 70, 90 and 
100 per cent The author’s results, although drawn from relatively few 
animals, agree with the majority of conclusions stated in the literature 
— of the constituents of alkali in the duodenal juices, bile has the most 
significance m preventing the formation of jejunal ulcer, succus 
entericus is of the least importance, and pancreatic secretion lies 
between the two 

Hanke,®^ by the creation of an external biliary fistula after section 
of the common bile duct, produced a duodenal ulcer in each of 7 
dogs Factors that were considered m the production of the ulcer 
were absence of the normal neutralizing action of the bile and a pos- 
sible diminution of mucosal resistance to the metabolic and hepatic 
disturbances resulting from the diversion of the bile Hanke draws 
the inference that of the many factors involved in the production of 
a peptic ulcer m man, changes in the biliary secretion may represent 
an important one 

Volmi, Widenhorn and Finlayson confirmed the previous pro- 
duction of jejunal ulcer in dogs by means of the Exalto and Mann- 
Williamson methods of diverting the duodenal contents from the 
stomach and jejunum The particular finding of interest m their 
experiments, however, is not elsewhere reported in the voluminous 
literature on these methods of producing experimental ulcer These 
authors noted not only typical acute, subacute or chronic ulcer in 
the jejunum, but, m addition, in more than half their experimental 
animals a similar ulcer was found m the excluded duodenum No 
satisfactory explanation is suggested, although they feel that trauma 
can be excluded 

The effect of physiologic hypersecretion with the production of 
long periods of concentration of hydrochloric acid and pepsin in the 
gastric juice was studied by Schmidt and Fogelson A similar work 
was earned out by Silbermann in 1927 The present experiments, how- 
ever, failed to produce ulcer by sham feedings m esophagotomized dogs, 
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although the animals weie studied ovei much longer periods than in 
the original experiments and weie earned on maintenance and deficient 
diets, with at times the addition of extra hydiochloric acid intioduced 
thiough a gasti ostomy opening The conclusion is that acid gastiic 
juice pel se is not sufficiently destructive to oveicome othei factois 
which inhibit oi prevent gastroduodenal ulceration 

Consideiable interest has been attached to the relation between 
ulcei and dietaiy deficienc}' For the most pait these studies have 
been concerned particulaily with vitamin C Numerous lepoits in 
the literature have confirmed obseivations that low blood values foi 
vitamin C are the lule for patients with peptic ulcei, paiticulaily when 
there has been any tendency to p}loiic obstiuction with associated 
malnutrition and prolonged rigid dietary tieatment or hemorihage 
Hanke claims to have noted the frequent occurrence of mucosal 
ulcer in the pyloiic region of the stomach and in the upper poition of 
the duodenum in guinea pigs kept on a diet deficient in vitamin C 
In animals given a diet adequate in vitamin C, such lesions do not 
occur 

Ingalls and AVarren weie among the first to indicate the deficIenc^ 
of ascorbic acid in the blood plasma of patients wnth ulcer and to 
emphasize the probable wisdom of vitamin C theiapy A previous 
papei by Lanman and Ingalls brings out the relation betw^een vitamin 
C deficiency and wound healing In this study the wuiteis were appai- 
ently convinced that in animals leceiving a diet deficient in vitamin C 
abdominal wounds tended to heal less rapidl}'^ and less fiiinly than 
those m animals receiving a normal diet Undei conditions of ascoi- 
bic acid deficiency the wounds tended to i uptime spontaneously 
Whether vitamin C deficiency has any etiologic relation to the ulcei 
problem is still a moot point As noted pieviously, theie is little 
doubt that low vitamin C values are of frequent occurrence in cases 
of ulcer, but that such a deficiency has anything to do wnth the causa- 
tion of ulcer IS still to be detei mined 

Elder and Emery,®® after a caieful analysis of the eating habits of 
25 patients with ulcer and 25 controls, came to the conclusion that 
peptic ulcer is not a deficiency disease, in the usual sense of the teim 
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A comparison of the dietar} histones obtained from these two gioups 
wnth a theoretically normal diet led them to believe that theie is no 
significant difiterence, wnth the exception that the intake of vitamin C 
IS possibly a little low^ in patients with ulcer They believe that if 
peptic ulcei IS a deficiency disease the deficiency is an intrinsic factoi 
and IS not associated with a deficient intake of food Theie is sug- 
gestive evidence that vitamin C deficiency may be i elated to one of the 
complications of ulcei — hemorrhage Portnoy and Wilkinson °° studied 
107 subjects by various methods and shorwed to then satisfaction that 
patients with peptic ulcei, especially those wuth hematemesis, have 
maiked vitamin C deficiency 

In contiast to the analysis made by Eldei and Emei}, the study 
'made by Bourne on 87 subjects, 42 of whom had ulcei, showed that 
hospital patients receiving diet for ulcer exhibited a significantly greatei 
degiee of capillaiy fi agility than did normal peisons or patients with 
other diseases However the author is unwilling to conclude that lack 
of vitamin C is of etiologic significance Rivers and Carlson also 
agiee with previous authois that most patients leceivmg an appioved 
diet foi ulcei have an insufficient intake of ascorbic acid The}- feel 
that this is paiticularly true of patients with lepeated hemonhages, 
and they speculate as to the possibility that the hemoiihagic factor may 
be influenced by vitamin C deficiency 

The underlying question of vitamin C deficiency is still not clearly 
understood, but it is highly probable that the findings repiesent the 
lesults of a deficiency secondary to the original ulcer condition rathei 
than a causative i elation to the formation of the ulcer It is probable 
that the intelligent administration of vitamin C to patients with ulcei 
wdio show a lack of ascorbic acid is a rational theiapeutic piocedure 
There is some reason foi believing that it may collect a hemonhagic 
tendency and may aid in ulcer healing, although this is far from 
proved There is also a suggestion that it may lead to moie normal 
convalescence aftei a gastrointestinal operation when deficiency exists 
In this connection the studies of Reedman on the ascoibic acid con- 
tent of milk aie of some mteiest From his work it follows that milk 
alone will not supply sufficient vitamin C in the diet, although it is 
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equally true that it is not normally required to do so A pint (473 cc ) 
of pasteurized milk may be said to contain 10 mg of cevitamic acid 

Hoelzel and Da Costa carried out extensive observations on rats 
and mice receiving a diet deficient in protein or in the essential ammo 
acids Ulceration of the prestomach and mam stomach of rats and 
the duodenum of mice was frequent and was regarded as objective 
evidence of “protein hunger or ammo-acid hunger ” Cheney simi- 
larly produced gastric ulcer in chicks by giving a diet devoid of 
alfalfa and gram Studies of gastric secretion were carried out on 
these as well as on control animals, and it was found that chicks with 
gastric ulcer had hyperacidity The increased acidity m chicks with 
ulcer over those without ulcer suggested to the author that it is a result 
and not a direct cause of the lesion 

Another interesting effect of hypoproteinemia on plasmapheresis 
IS presented in the study of Barden, Ravdin and Frazier After a 
Billroth I 01 II operation dogs were subjected to repeated plasma- 
pheresis and a low protein diet It was noted that theie was marked 
retaidation of the gastric emptying time after the production of hypo- 
proteinemia, and the investigators mention work in progress which 
also suggests a definite slowing of motility of the small intestine under 
the same conditions They explain the reduction in emptying time 
as possibly being due to nutritional edema of the operative stoma, a 
hypothesis previously suggested b)^ Jones and Eaton 

PEPTIC ULCER 

In a clinical discussion of ulcer an interesting report is presented 
by Hansen,®'^ who has collected the records of about 14,000 patients 
with gastric and duodenal ulcer treated medically in certain Danish 
hospitals since 1900 In the first decade of the centurj'^ the incidence 
of ulcer in women was much greater than that in men In the second 
decade the numbers were approximately equal for the two sexes, and 
in the third and fourth decades theie was a striking increase in the 
incidence of ulcer in men, at present about three fourths of all patients 
being men The author is unable to explain this remarkable change in 
relative frequency of the disease 
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An article by Tomoda is of interest as indicating the incidence 
of gastric ulceration m Japan Four and seven-tenths of over 8,000 
autopsies showed gastric ulcer, whereas duodenal ulcer was found in 
only 0 5 pel cent of 6,000 necropsies In Japan, apparently, gastiic 
and duodenal ulcers occur with much greater frequency in men, while 
m Europe and America gastric ulcer appears with greater frequency 
in women 

Compaiative data from China, as piesented by Chang,®'’ show that 
the incidence of peptic ulcer m 2,000 consecutive autopsies was 1 7 
pel cent, a much lower rate than that noted in Japan The ratio between 
males and females suffeiing from this condition was 3 3 to 1 

In 1931 the Division of Vital Statistics in Washington repoited 
a mortality rate for ulcer of the stomach of 4 2 per cent, with the late 
for ulcer of the duodenum being only 1 9 per cent, a combined mortal- 
ity rate of 6 1 per cent Portis and Jaffe present the incidence of 
peptic ulcer m 9,171 consecutive necropsies perfoimed at the Cook 
County Hospital, Chicago, between 1929 and 1936 There were 457 
cases of peptic ulcer, or a total incidence of about 5 per cent The 
incidence of peptic ulcer in white subjects was 5 23 per cent and in 
Negroes 3 5 per cent 

All the aforementioned articles are interesting from the point of 
view of distribution and occurience of peptic ulcer The last article 
referied to contains many inteiestmg statistical facts regarding the 
location of ulcer, the relation of ulcer to death and other points of 
interest One of the best recent summaries of the problem is that pre- 
sented by Crohn It contains nothing new as far as clinical or inves- 
tigative data are concerned but gives an excellent discussion of the 
entire problem , it is conservative, convincing and well worth the 
trouble of reading Blackford, Smith and Affleck also present an 
interesting study based on 916 patients with ulcer seen m piivate prac- 
tice Attention is paiticularly directed toward a consideiation of the 
problem of hemorihage and perfoiation 
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A lather interesting stud} of peptic ulcer in piegnancy is presented 
b} Paituriei-Lanegrace The paper is a faiily detailed discussion 
of only 2 patients, but the implications appear to be that piegnancy 
ma} have a tempoiarily favoiable effect on the couise of peptic ulcei 
This IS in line with subsequent observations on the use of estrogen 
as a therapeutic measuie 

The absence of peptic ulcei in patients suffering from pernicious 
anemia does not prove that acid alone is the important etiologic factor 
m the pioduction of ulcer, hut Kahn’s”^ review of 840 cases of per- 
nicious anemia is of mteiest For none of this large gioup of patients 
with typical Addison’s anemia was a diagnosis of chionic peptic ulcer 
made dining the time that the patient was in the hospital One is 
inclined to agiee with Kahn that at least noimal acidity is one of the 
conditions necessaiy for the development of chronic peptic ulcer 

The occurience of ulcei in association with siphilis of the central 
nervous system has long been noted The repoit of Parsons and his 
associates'^ is of some mteiest in this connection Tuo bundled 
patients with syphilis of the cential nerious s}stem i\eie compared 
with a group of 400 other patients in the same hospital The second 
gioup, which included patients with latent syphilis, pulmonaiy tuber- 
culosis and othei diseases not invoking the cential nerious system, 
showed an incidence of ulcei which was much highei than that for 
the first gioup Patients with neurosyphihs showed an incidence of 
ulcer of 10 5 per cent, a figure i\hich is much highei than that reported 
from other clinics in this country, iihereas the contiol gioups showed 
one of less than 3 per cent No adequate explanation for the high 
incidence of ulcer in neurosyphihtic patients is given, and the authors 
feel that s}phihs does not appeal to be of tiue etiologic significance 
in such cases 

A rare observation was made by Haitung and Waikany'® in a 
case of memngococcic meningitis The patient was a boy of 6 yeais 
who Mas admitted to the hospital with typical meningitis and M'ho 
improved under specific therapy On the tM^elfth da} after the onset 
of the disease a fatal hemorrhage occuiied from an ulcer of the duo- 
denum, Mdiich on section showed, among othei oiganisms, gioups of 
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])iscuit-shaped gram-negative diplococci, having a structure similar 
to that of the organisms in the meninges It is suggested that the 
ulcei Avas a result of the memngococcic infection and was analogous 
to the infection observed in children with ulcer by Gerdme and Hem- 
holtz 

Bloch and Serby add to the accumulated liteiature on juvenile 
ulcer, repoiting 5 old cases, 8 new cases and 4 additional cases m 
which the ulcei staited early m life Although the clinical obseiva- 
tions aie not new, the authors contiibuted to a better undei standing of 
a rather infiequent diagnosis They stiess the frequency of a family 
histoiy of ulcer m many of these cases 

An mteiesting diagnostic comment is found in the report of Paine 
and Riglei,'® who made obseivations on 13 patients incidental to the 
pioduction of diagnostic pneumoperitoneum They demonstiated on 
these patients, as well as on 5 cadavers, that at times as small a 
quantity of gas as 5 cc could be demonstiated i oentgenogi aphically in 
the light subphienic space In 17 pei cent of 38 cases of perforation 
of the stomach or duodenum, free gas was observed 

Seveial ai tides have been wiitten on the subject of atypical local- 
ization of pain 111 1 elation to gastroduodenal ulcer Savignac lepoits 
14 cases of gastioduodenal ulcei in which the pain was entirely out- 
side the epigastiium The pain was periodic and was lelieved by 
alkalis and food Pain was noted in the thorax, in the axillary region 
and in the precordial legion and was similar to angina or the giidle 
type of pain found in intercostal neuralgia In 3 cases the pain was 
located in the dorsolumbar region and in 3 others in the right upper 
quadrant of the abdomen In 3 instances the pain was lower in the 
abdomen A more geneial discussion of the analysis of pain in gastro- 
duodenal ulcer is found in an article by Savy and his associates 
The aiticle is analogous to the preceding one and in an excellent dis- 
cussion bi mgs out the unusual variations in the pam Mixter calls 
paiticular attention to the pain in the back m cases of lesions of the 
gastrointestinal tract and reports 7 cases of ulcer of the posterior wall 
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in which pain in the back was the sole or pi edommating symptom 
These cases are of particular inteiest since the patient is usually first 
seen by the orthopedic surgeon or the neurologist and not infrequently 
the diagnosis of ulcer is postponed until some complication makes it 
apparent These anomalies of pain in cases of ulcer are described 
clinically and experimentally by Jones,®- and a coi relation is drawn 
between the experimental production of pain alid exact clinical obsei- 
vations 

Among other forms of ulcer therapy, treatment with histidine has 
received considerable attention The oiigmal experimental results of 
Weiss and Aron on dogs after the Mann-Williamson operation were 
apparently definite, and exploitation by phaimaceutic houses rapidly 
followed Insufficient substantiation of therapeutic hopes, however, 
has led to more critical investigation Furth and and Scholl state 
that they weie able to corioborate the woik of Weiss and his asso- 
ciates, namely, that the cure of an aitificially produced ulcer can be 
accelerated with tryptophan Aftei much experimentation a method 
was developed by which injections of histamine pioduced gastric ulcer 
in guinea pigs Whereas ulcei developed m the animals that were 
treated only with histamine, the simultaneous administration of trypto- 
phan prevented the development Flistidme proved less eftectne than 
tryptophan Practically all other evidence fails to support the idea 
that histidine is of practical or expeiimental lvalue A cunous report 
IS that of Jacob and Isiael who show that the ampules of 4 pei cent 
solution of histidine which weie utilized for the treatment of gastric 
ulcei between the yeais 1933 and 1935 contained approximately 0 1 
mg of histamine Considering that the histamine content might be 
the effective therapeutic agent, these authors tieated a senes of patients 
with daily injections of 0 1 mg of histamine, with complete clinical 
success Such results, however, appear to be an excellent example of 
wishful thinking and do little to claiify the subject 

By far the most conclusive attack on the subject of histidine 
therapy is that of Sandweiss,®® who piesents an excellent set of obser- 
vations His contribution has a twofold pm pose first, to present 
clinical data evaluating the lesults of pai enteral therapy in peptic 
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iilcei and, second, to leport on experimental work regarding the 
piotective value of histidine against ulcer in dogs after the Mann- 
Williamson operation Of a series of 291 patients with proved ulcer, 
118 were tieated with various foims of parenteral injections The 
lemaindei were treated by orthodox diet-alkali measures and served 
as controls Histidine, vaccine and emetine were the agents used for 
parenteral injection, and injections of distilled water weie admimsteied 
to a laige group of controls (22 patients) From the results obtained 
Sandweiss concludes that in cases of chionic ulcer, pai enteral therapy 
was of value when the patient failed to respond to diet-alkali man- 
agement In this group “parenteral theiapy has its chief value as an 
additional method of treatment ” He feels that the psychic factoi is 
largely responsible foi the fa\orable results when they occur Injec- 
tions of vaccine apparently were associated with the most satisfac- 
toiy lelief of symptoms, but all the agents employed were beneficial 
It IS of particular interest that piactically 60 per cent of the patients 
leceiving injections of distilled water were leheved of symptoms 
The leport on the protective value of histidine m experimental studies 
Pf ulcei in dogs is made by Sandweiss, Saltzstein and Glazei Of 
14 dogs treated with histidine after the perfoimance of a Mann- 
Wilhamson operation, only 1 failed to show a tjpical ulcer, and all 
the control animals showed similar lesions These authois conclude 
that histidine had no effect in preventing the production of nlcei undei 
the conditions of the experiment 

Clinical studies b) Wilhelmj and by Upham and Bai owsky 
suppoit, in the mam, the findings of Sandweiss All agree that recur- 
lences are in no wa} prevented by treatment with histidine Upham 
and Bai owsky, like Sandweiss, obtained striking relief of symptoms 
111 a few cases by the use of injections of distilled water alone A 
leview of these and similar studies leads one to the conviction that 
histidine, as a therapeutic agent in the treatment of ulcer, is of onl}- 
temporary value in a limited numbei of cases and that the favorable 
lesults obtained by its use aie largely due to the psychotherapeutic 
effect which follows the parenteral injection of any nonspecific sub- 
stance 

The medical tieatment of peptic ulcer, aside fiom pai enteral injec- 
tions, has concerned itself with "vaiious forms of feeding and with 
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newel piepaiations foi the neuti alization oi adsoiption of hydio- 
chlonc acid An ingenious combination of frecpient feedings of milk 
combined with alkali has been devised by ^^'’oslka,®° who attempts to 
control gastric acidity by the use of tablets of alkalmized powdered 
skimmed milk Comparative studies weie made on a group of patients 
with successive legimens, consisting of (1) feedings of whole milk 
and cream alternating with those of standaid Sippy powders, (2) 
feedings of milk and cieam alternating rvith those of powdered whole 
milk mixed with the same powders and given as tablets, (3) the same 
feedings alternating with the taking of tablets of powdered whole 
milk and a mixture of calcium caibonate and sodium bicarbonate and 
(4) the same feeding alternating with the taking of tablets of pow- 
dered skimmed milk and a mixture of calcium and sodium bicarbonate 
Apparently the fourth legimen consistently gave the best control of 
gastric acidity Foi piactical puiposes the use of tablets composed 
of powdered milk and alkali provides convenience without excessive 
expense To obviate the occasional danger of producing alkalosis, 
several preparations hare been studied, all of uhich aim at neutral- 
izing or adsoibing gastric acidity without altering the pn of the 
blood The effect of magnesium tnsilicate has been studied by Mann 
Hourly feedings were combined with the administration on the half 
hour of 3 5 Gm of the drug Specimens of the stomach contents 
were tested at eveiy first and third quarter houi, and practically no 
free acid could be demonstrated In mIio studies indicated that 
acidity was controlled both by adsoiption and by neutralization, in the 
latio of 2 to 7 Levin also advocates the use of synthetic hydrated 
magnesium tnsilicate because of its piolonged adsorbent action 

Gereb and Korossy discuss the use of a buffer pieparation on 
the acidity and alkalinity of the stomach The} use a mixture of 
sodium biphosphate and sodium bisulfate in a latio of 86 to 14 The 
preparation is given in doses of 1 Gm at vaiymg intervals The 
result of the administration of this preparation is to acidify the urine 
Relief was obtained in about 80 pei cent of the cases in which it was 
tried Laszlo,®'* also of Budapest, reports on the use of the pioduct 
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He obtained amelioration of S}inptoms m three fourths of a senes of 
96 patients sufteiing from ulcer and other gastric disoiders 

The search for the perfect antispasmodic still continues Einhorn 
substituted diphenylacetyldiethylaminoethanolester hydrochloiide foi 
belladonna m a small group of cases of gastrointestinal disoiders 
Toxic effects were not noted , and when distress or pain was not asso- 
ciated with an inflammatoiy leaction, satisfactoiy relief of symptoms 
was obtained Seveial other investigators ha\e made use of this new 
prepaiation, but as yet it has not been sufficiently tested to ^^anant 
further comment 

Two studies which yielded negative lesults aie of mteiest War- 
ren, Friend and Emery subjected 5 patients with ulcer, who volun- 
teered for the expel iment, to a diet similar to that used by Goldbeigei 
and Wheeler to produce pellagra The basis for such an experiment 
lay 111 the fact that patients with pellagra frequently aie found to have 
hypoacidity or anacidity Two of the subjects followed the diet foi 
an average of fiftj-nine days and 1 for one hundred and twenty-five 
days Gastric analj'ses performed every two or three weeks failed 
to indicate any change in gastric acidity, and it was concluded that 
such a dietary method of managing ulcer is obviously impracticable 
as well as unproductive of results Emery and Schnitker °° also 
administered bile to patients with peptic ulcei The basis of such an 
experiment was the fact that diversion of bile from the duodenum in 
animals is an impoitant detail m the experimental production of ulcer 
A total of 40 patients were treated with desiccated ox bile ovei peiiods 
as long as two years A satisfactoiy result occurred in only 52 5 per 
cent of the cases, a propoition that is not much bettei than that of 
spontaneous cures, as Emery aptly remarks He also concludes that 
his results seem to lule out a disturbance m the biliary secretion as a 
cause of peptic ulcer in man 

An inconclusive article but one of possible physiologic mteiest is 
presented by Koibsch,®' who treated 4 patients with gastric ulcei with 
injections of an estrogen substance Excellent healing of the ulcer 
was observed gastroscopically after twenty-four, thirteen, twenty- 
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eight and sixteen da>s, i espectivel}^ One patient was said to have 
been lesistant to othei foims of theiapy, and a second responded with- 
out the addition of dietaiy measures Unfortunately the series is so 
small as to admit of no conclusions, paiticulaily when it is remembered 
that spontaneous cure is extremel}'' fiequent Favoiable lesults have 
been lepoited foi main types of paienleial theiapy, and the comments 
of Sandweiss and others legaiding injection methods of treatment 
must ah\a)s be borne in mind m the eialuation of lesults such as aie 
repoited in this papei Furtheimore, anothei contiibution by Sand- 
weiss IS peitinent in any consideration of the effect of hormones on 
the healing of ulcei This aiticle, by Sandweiss, Saltzstein and Farb- 
man,^’® piesents the results of injecting pieparations of estiogenic 
substance (esteione, oi theelin) and gonadotropic siilistance from the 
urine of piegnant women (antuitiin S) in dogs aftei the i\Iann- 
Williamson opeiation The work was inspiied by the clinical obsei- 
ration that piegnancy appears to hare a beneficial effect on peptic ulcei 
Twehe untieated animals all died of trpical jejunal ulcei Unlike the 
results claimed by Koibsch, all the 15 dogs that received injections of 
estiogenic substance died and showed ulcers similai to those noted in 
the controls and without any evidence of healing Eight of a group of 
15 animals tieated rvith the gonadotropic substance which eventualh 
died of inanition failed to show' anr eridence of ulcei foimation 
Seven died wuth jejunal ulcei, but 4 of these 7 showed microscopic 
eridence of healing The author concludes in a lather cautious 
mannei, that the injection of laige amounts of the gonadotiopic sub- 
stance may have been responsible for the far oi able lesults 

The importance of consideiing psjchologic factors in the treat- 
ment of peptic ulcei has been frequently noted Trro intelligent 
papei s hare been rviitten on this aspect of the problem recently 
Chappell, Stefano, Rogeison and Pike’"’ earned out an inteiestmg 
expel iment on a gioup of patients rvith ulcer In addition to routine 
dietary measuies, erening lectuies rreie given to these patients m oidei 
to piovide a better understanding of such factois as rvoiry, expenditure 
of effoit, psychosomatic relation and self assurance A contiol gioup 
rvere handled by dietaiy measuies alone Ovei a three yeai peiiod 
the fiist gioup of patients responded to tieatment better in ereiy rvay 
than did the controls, and even those rvho suffered fiom i elapses dining 
this peiiod weie able to handle their symptoms moie satisfactoiily 
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The papei b} Davies and Wilson proMdes a convincing deinons- 
tiation of the psychic element in the de\elopinent of peptic ulcei A 
senes of 205 patients with ulcer ^^ere carefully examined pS}chologic- 
ally, and it appealed that m 84 pei cent of the cases the s}mptoins began 
shoitly after some event affecting the patient’s \Nork, his finances oi the 
health of his family One hundred of these patients weie compaied 
with an equal numbei of patients with henna, Culpin’s system of 
group scoring being used It was found that a significant majonty of 
the patients with ulcer showed undue tension long befoie the symptoms 
of ulcei developed The conclusion that successful therapy depends on 
attention to the “nhole man,” his work and his anxieties as well as his 
diet, if not onginal, is neveitheless of great importance, since even a 
superficial suney of the literature reveals innumerable conclusions as 
to the specified} or importance of various therapeutic maneuveis with 
a fine disregaid of the known history of this chronic disease 

The management of massne hemoiihage as an incident in the 
course of peptic ulcer is still a controversial inattei Conseivative 
measures in the treatment of this emergency are undoubtedly indicated 
in the earlier decades of life Moitality statistics are still confusing 
and in part depend on the chaiacter of the case nndei discussion or 
the type of tieatment chosen Meulengracht’s latest repoit on 368 
medically tieated patients uitli a moitality of only 1 3 per cent is 
amazing and indicates that the administration of a full diet to these 
patients must be considered seriousl} before what has seemed like a 
radical departuie from accepted methods is discarded Fmsteier’s 
criticism that these lepresent cases of superficial gastric eiosions and 
gasti itis does not seem entii ely tenable W oldman’s small sei les 
of patients with massive hemorrhage treated with continuous aluminum 
h} dioxide drip provides a new modification of the already known treat- 
ment with continuous milk drip The fact that all 20 patients responded 
lapidly and satisfactorily to this tieatment loses a little of its impor- 
tance because of the failuie of the author to give the natuie of the 
undei lying pathologic piocess in the different cases Whether con- 
tinuous diip methods are more efficacious than the method of Meulen- 
giacht mil be detei mined onl} by prolonged use with large groups of 
patients Opposed to such conservative measures aie vaiious surgeons 
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of known standing The most ladical of all the proponents of surgical 
treatment of bleeding ulcei is Finsteier^®- In a lecent summary of 
the subject he reiteiates his conviction that gastiic resection is the 
method of choice m piactically all cases of massue gastiic hemorrhage, 
including even known cases of cirrhosis, provided an} gastric symptoms 
accompany the disease of the liver Only if bleeding appeals suddenly, 
without pieceding symptoms, does he advise medical tieatment 
Between these two exti ernes he the views of the majoiity of those 
inteiested m this difficult clinical problem An excellent summary of 
the question is contained in a lecent editorial m The Journal of the 
AvieJicaii Medical Association In all probability the ciux of the 
situation IS the age of the individual patient With rare exceptions, 
patients undei the age of 45 oi 50 run an almost negligible risk when 
treated by caieful medical pioceduies After that age surgical inter- 
vention must not mfiequently be considered as the logical form of 
tieatment, the type of operation depending on the experience of the 
individual surgeon Even m oldei patients conservative measures are 
usually indicated When operation is involved, howeiei, the decision 
to operate had best be made within the first forty-eight hours after 
bleeding, as suggested by Finsterer,^®- Allen and others Excellent 
reviews of the clinical aspects of gastric hemorihage are presented by 
Jankelson and Segak^°“ by Blackford, Smith and Affleck and others 

There is still no absolute agreement as to the pioper surgical treat- 
ment foi ulcei, even m the event of perforation Numerous reports 
fiom raiious paits of the vorld are of interest, laigel) because of the 
dififeiences of opinion that aie shown McCreery expresses what 
is probably the point of new commonly held in this country in a leport 
of 170 cases of perfoiated gastric oi duodenal ulcer He advocates 
simple closuie in most instances, and this opinion is confirmed by Boneo 
and Ramil ez,!®® of Buenos Aires, Chang,®® of Peiping, and Lemberg^®® 
and Sosnyakov,^^® of Leningrad, to cite articles fiom uidely scattered 
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points Judin, of Moscow, how'cvei, belie\es wuth othei more radical 
surgeons that partial gastrectomy is the method of choice Heim,^^“ of 
Berlin, on the basis of 283 cases, comes to a similar conclusion Judin's 
large senes of 426 patients wdio were subjected to subtotal gastric resec- 
tion, with a mortality of only 7 8 pei cent, convinces one of his suigical 
skill, how^ever, rather than of the soundness of his judgment m choosing 
such a radical pioceduie 

There is a similar difference of opinion as to the surgical method 
of choice in uncomplicated ulcer Articles by AbelM^“ and Walteis^^"* 
aie representative of those ad\ocating the simplest type of operation 
for duodenal ulcer, namely gastroenterostomy Subtotal gastrectomy as 
a routine procedure for duodenal and gastric ulcer has met with the 
approval of many continental suigeons, followung the woik of Fins- 
teier and Hoffmeister This more radical procedure is chosen by many 
and articles by Manizade,^^® Hustinx/^® Mouchet and Neuman,’-^® 
foi example, proclaim the benefits of using this method The middle 
of the road opinion is well summarized m an article by Marshall and 
Kiefer,^’-” who point out correctly that most cases of ulcer offer primarily 
medical problems, in the event that surgical inteivention is necessary, 
the pioblem is always an individual one, and the type of operative 
approach must be decided by balancing the probable risks against the 
probable benefits Fmsterer reports a series of 200 unusual cases 
of jejunal ulcer, with a mortality of only 11 1 per cent after radical 
operation in 180 cases of uncomplicated jejunal ulcer The mortality 
for the entire senes w^as 15 3 per cent 
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It IS o£ inteiest that serious anemia is of infrequent occunence aftei 
subtotal gastiectomy Manizade made a study of 40 patients who 
were examined fiom five to twelve yeais after operation In all cases 
extensive lesection, involving two thirds of the stomach, had been 
performed Examination of the blood showed that in 36 of the 40 
cases the led blood cell count was ovei 4,500,000 and the hemoglobin 
value ovei 80 pei cent (Sahli) Two patients showed a slight degree 
of normochromic anemia Two patients, oi 5 per cent of the entiie 
series, weie found to have hypei chromic anemia, with a led blood cell 
count in the vicinit}’’ of 2 000,000 One of these patients, piior to 
operation, showed an aljnorinal blood picture, suggesting an early stage 
of pernicious anemia, and gave the histoi}' that hei mothei had died of 
pernicious anemia These findings are entirely consistent with com- 
ments made by othei mvestigatois who have followed the behavior of 
the blood after ladical gastric operations It is obMOus that the danger 
of the development of a serious form of anemia after the remo\al of 
a large portion of the stomach is not impoitant Factors predisposing 
to the development of such a condition may exist before operation, and 
gastric lesection raiely initiates the appeal ance of primary hyper- 
chromic anemia Blood regeneration aftei hemorrhage from an ulcei 
was considered by Schij^fdt,^-^ who found that age, sex and tlie form 
of bleeding (melena or hematemesis) made little or no difterence in the 
rate of lecovery from the loss of blood He did find, however, that 
regeneration was much slowei vhen the patient was tieated with a 
lestiicted diet, such as the Sippy regimen, than with a full diet, ‘as 
suggested by Meulengracht With a Meulengiacht legimen he found 
that the lowei the initial blood level aftei hemoirhage, the more rapid 
the response to therapy, vliereas the conveise Avas tiue for patients 
Avith a restricted dietary intake Tiansfusion obMously was necessai} 
in certain cases but did not hasten blood i egenei ation — a point that has 
frequently been noted 

A discussion of the subject of gastrojejunocohc fistula by Rife 
presents no new information concerning one of the complications of 
gastric operations but gives a complete and thoughtful leview of the 
subject 

Few additions have been made to the aheady existing mass of 
information on carcinoma of the stomach Castleman contiibutes 
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the important pathologic obser\ation that not infrequently cancel of 
the lower end of the stomach extends lieyond the pyloius into the 
duodenum Such a finding is an indication that ample resection of the 
first poition of the duodenum, \\hene\er possible should accompany 
resection of the gastric neoplasm Balfour has reviewed the subject, 
basing his observations on a series of 4,793 patients operated on at the 
Mayo Clinic In 2,112 cases the growth was removed as a palliative 
measuie or m the hope of a cure, which a mortality of 13 9 pei cent 
Several points of interest aie mentioned For the most part, the per- 
centage of five-year survivals was larger for the older patients and for 
those who had a longer stoiy of preoperative symptoms The nearer 
the growth nas located to the pylorus, the more difficult it was to 
obtain a successful surgical result Patients with a carcinomatous 
growth graded 1 or 2 showed 63 per cent survival after five years and 
55 per cent survival after ten years, those with growths graded 3 or 4 
showed only 20 per cent survival at the end of the five year 
period These statistics offer rathei convincing evidence that radical 
surgical treatment is justified, even in what seem to be rather hope- 
less cases of gastric cancer 

Shiflett presents a review of diverticulum of the stomach and 
considers that it may be of definite clinical significance aftei other 
conditions have been ruled out as potential factors in causing the 
patient’s symptoms In a series of 786 i oentgenograms of the stomach 
and 887 similar studies of the colon, the occuirence of diverticula was 
as follows colon, 4 96 per cent , duodenum, 3 74 per cent , esophagus, 
0 79 per cent , stomach, 0 65 per cent, and small bowel, 1 case He 
reviews his own 5 cases and 38 leported in the literature, one third of 
the patients had definite symptoms of burning or vomited 

Little new has been contributed m the way of roentgenologic studies 
of peptic ulcer However, an article by Hampton presents a satis- 
factory technic for the demonstration of a dangerously bleeding ulcer 
Whenever compression or palpation is contraindicated or impossible, 
it is now possible by this method to make a profile, relief and double 
contrast examination of the posterior wall of the stomach, the pyloric 
valve and the posterior wall of the duodenum The examination can 
be earned out when there is active bleeding with little if any additional 
risk and can thus provide infoimation that is frequently essential to 
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the piopei planning of theiapentic measures The lepoit of Ungei 
and Poppel calls attention to an erior in roentgenogi aphic interpieta- 
tion that may lead to improper steps in the tieatment of a known ulcei 
They lepoit on a patient A\ith gastiic ulcei who A\as opeiated on 
because a peisistent niche was demonstrated loentgenogiaphicall}, 
despite symptomatic cure after five weeks of tieatment At opeiation 
the ulcer was found to be completely healed The conclusion that 
1 oentgenologic findings aie in themselves insufficient evidence on vhich 
to base a therapeutic decision is obvious, but the warning is timely 
Bignami presents a lathei mteiesting leview of the subject of extra- 
bulbar duodenal ulcei Among 400 cases of duodenal ulcei the author 
found 18 cases in which theie was extiabulbar location From his o\mi 
expeiience and from the findings of others, the writer belie\es that 
this type of ulcer occurs most frequently in the convexity of the duo- 
denal loop and in the suprapapillary region He consideis that the 
demonstiation of a niche at roentgen examination is the onl) infallible 
evidence of an extiabulbai ulcer, although with modern relief methods 
it IS probably tiue that the demonstration of a crater is of equal diag- 
nostic importance The chief value of the article is that it sti esses the 
occurience of a lesion that is all too frequently missed by loutine 
roentgenogi aphic methods of study 

GASTROSCOPY 

The increasing number of ai tides on this subject is convincing 
evidence of the interest as well as the impoitance of gastioscopic 
examination as a diagnostic piocedure In this counti}, in paiticulai 
the enthusiastic reception of a new diagnostic aid is the undoubted foie- 
lunner of a host of articles, few of which will be written in a sufficiently 
critical spirit to wan ant then appearance It will be necessaiy for 
some time to warn against undue enthusiasm and against conclusions 
drawn from improperly conti oiled material The ^Mse counsel of 
Henning and Schindlei must be repeated many times befoie a satis- 
factory con elation is made between gastroscopic findings and clinical 
symptoms Normal variations, which are extiemely wide and still are 
not fully appreciated, must be conscientiously studied and classified 
befoie an adequate understanding is obtained of the many changes in 
the appearance of the gastric mucosa There is little question, horrever, 
that such understanding will come and that gastioscopic examination 
will provide increasingly valuable assistance in the study of gastiic dis- 
ease and gastric physiology 
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The outstanding ^^ork on gastioscop} dining the peiiod of this 
review is the book b}- Schindler^-'’ A detailed review is unnecessaiy 
at this time, but the volume has almost unnersalh leceived favorable 
comment Schmdlei discusses the history of the subject with anatomic 
notes, the mechanical pioblems of technic and orientation, the appeal - 
ance of the normal stomach and the appeal ance in cases of functional 
and pathologic disturbances He repeatedl} emphasizes the most impoi- 
tant point, that gastioscopic examination is an adjunct to loentgen 
examination and that both methods are essential to an accurate diagnosis 
of gastric disorders Nmety-six excellent coloi plates add gieatly to the 
usefulness of this important volume 

Schindler calls attention to the type of tip to be used on the 
flexible gastroscope With other workers, he believes that the original 
sponge tip produces too much friction and may lesult m perforation 
of the gastric wall The rubber finger tip appears to be piefeiable, 
in that It directs the instrument more satisfactorily , and it is safei, 
because it produces no friction Korbsch piefers his new small 
rigid gastroscope, with a diameter of only 6 to 7 mm , to the Wolf- 
Schmdler instrument Halmos agrees in choosing this instrument, 
which gives a smallei picture but a largei field He claims to have 
noted finei details of gastric markings, small hemorrhages and early 
mucosal hy^pertrophy that could not be obsen ed with the flexible scope 
This is not in agreement with the opinion of nearly’’ all other observers, 
who believe that the flexible Wolf-Schindler instrument is safer and 
more satisfactory Kirihara and his co-workeis have attempted to 
improve on the Wolf-Schindler gastroscope by adding a mechanism by 
which the tip can be bent at will The mechanism is described and it 
IS possible that the authois’ claims will be justified They state that 
with this modification they’’ can obtain a much bettei view of the 
pyloric end of the stomach 

Contrary to the expeiience of most observeis, Borland has found 
that there are no true “blind spots” and thinks that by proper manipu- 
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lation of the instrument, b}' changing the position of the patient and 
by obseiving the peiistaltic wave, all poitions of the stomach can be 
brought into view His suggestions as to gastroscopic technic are of 
mteiest, but it must be admitted that a satisfactor}^ examination of 
certain parts of the stomach in particular cases is extiemely difficult 
These portions are notably the lesser curvature neai the pylorus in a 
J-shaped stomach, the greater cuivature, at a point wheie the tip of 
gastroscope impinges, and occasionally high up on the posterior wall 
wheie the objectne lens is in immediate contact with the gastric mucosa 

A point of importance is made bj Schindler ^ ^ in an article on the 
anatomy of the stomach He calls attention to the division of the 
mtenoi of the stomach into the body and the antrum, distmcth sepa- 
lated by the characteristic cordhke musculai antial sphinctei This 
IS an important gastioscopic landmark and is formed, he believes, b\ 
a circular contraction of the musculai is propria, which is crossed b} 
oblique folds of mucosa He also calls attention to the mucosal folds 
as obseived gastroscopically These are most marked on the posterioi 
wall, usually absent on the lessei cuivature and alwa}s absent from 
the antium The) do not seem to correspond completely with the 
loentgeiiographic relief markings 

Studies of gastiic physiology as obseived through the gastroscope 
aie few BiuhH®*' has studied the effect of externall) applied heat 
and cold on the appearance of the stomach The application of a hot 
watei bottle to the epigastrium always mci eased peristaltic activit)'' and 
usually caused maiked reddening of the gastric mucosa Opposite 
effects were noted with the application of cold These findings are 
entirely in accord with the studies on gastric motility piCMOUsly alluded 
to In 1,700 examinations Chevalher, Moutier and Debrey observed 
4 instances of sudden changes m the color of the gastric mucosa, which 
the)^ can explain only on the basis of a vasomotoi disturbance The) 
believe that these changes are not due to the effect of drugs oi the 
presence of the instrument The changes in coloi were striking 

The clinical -salue of gastroscopic examination is undoubted!) 
greatest m its fairly exact determination of the source and the char- 
acter of gastric bleeding Che^alher and Moutier have made an 
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excellent repoit on hemorrhage fiom the stomach The} point out 
that the normal gastric mucosa does not bleed on the introduction of 
the gastioscope Artificial hemoirhages may be due to abnormal fragil- 
ity of the mucosa, a point carefully noted b} Baumel,^^'* who calls 
attention to the fragility of the mucosa in superficial gastiitis and its 
tendency to bleed easily, especially on the lessei curvature and on the 
posterioi wall near the caidia Chevalher and Moutier comment on 
the fact that gastric purpura may exist with or without external mani- 
festations Mucosal ei options resemble the cutaneous lesions, and 
maculai ecch}moses may be found in all parts of the stomach Gastric 
hematoma is rare, but 1 case was noted (a case of splenomegaly) 
Varicose veins have also been observed in a stomach with an atrophic 
mucosa, the patient m this instance having had two or three hemoi- 
ihages a year Gastroscopic examination showed the frequency of 
ulcer which is silent clinically and roentgenologically but which is capable 
of bleeding Such a hemorrhagic lesion is most frequently encountered 
on the lesser curvature at the angle of the stomach Chevalher has 
also expiessed the conviction that ulcer is not a frequent cause of bleed- 
ing He thinks that the usual cause is found in a fleeting hemorrhagic 
lesion which may be near to oi at a distance fiom an actual peptic ulcer 
In othei words, he feels that even though an ulcei is piesent at the 
time of a gastiic hemorrhage, it may well be inactive and the bleeding 
may be due to an area of active gastritis Such an aiea may present a 
localized spot with fine ecchymotic speckling, sometimes hardly discern- 
ible He believes that bleeding fiom cancer is usually due to concomitant 
gastiitis of the hemorrhagic oi erosive type He finds submucosal 
hemorihage fairly frequent in hepatic insufficienc} but raie in early 
ciirhosis and exceptional in advanced cirrhosis In certain cases of 
cholecystitis and chronic appendicitis accompanied by hematemesis, gas- 
tioscopic examination has demonstiated discrete and fleeting changes m 
the gastiic mucosa, which, Chevalher is sure form the anatonuco- 
pathologic basis of the bleeding Gi anted the coriectness of the under- 
lying diagnosis, these findings are of interest in i elation to the cases 
of disease of the gallbladder with hematemesis leported a few yeais 
ago by White Benedict has also emphasized the clinical importance 
of gastiitis as a cause of massive bleeding from the stomach Although 
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such an obseivation is not new, it has leceived insufficient notice until 
recently The impoitance of his observations lies in the fact that fre- 
quently a gastiic hemorrhage of alarming proportions may occur with 
no clinical or roentgenogi aphic indication of its souice He presents 
gastroscopic and roentgenographic studies of 20 cases of acute or chronic 
gastritis with hemorrhage The only likely and demonstrable source of 
the bleeding m these cases was found gastroscopically to be superficial 
01 h3^pei trophic gastiitis, often with one or moie erosions in the gastric 
mucosa In these cases the excessive use of alcohol seemed to be a 
frequent factoi in the precipitation of the hemorrhage 

As clearly emphasized by Henning and Schindler, the exact diag- 
nosis of gastritis as a cause of clinical S3miptoms demands long experi- 
ence in gastroscopic studies and excellent clinical judgment The 
classification of this condition is still fai from clear, but to most 
obsen^ers Schindler’s classification appears to be the simplest and there- 
fore the most practicable Certainly at present too detailed a iiomen- 
clatuie will end onl3^ in confusion, although it must be admitted that 
any classification may at times be entirely unsatisfactor3’’ Schindler, 
m attempting to correlate the histologic and gastroscopic findings in 
chronic gastritis, concludes that a positive microscopic picture does not 
piove the existence of clinical “disease” of the stomach Almost every 
adult shows some interstitial changes in the stomach as compared with 
the histologic pictuie in the newborn Obviously, piolonged obsen'a- 
tion IS needed to harmonize anatomic and gastroscopic findings in a 
disease the clinical significance of which is imperfectl3' understood 
On the other hand, as indicated m the careful report of Schloss, Ettinger 
and Pratt,^^® gastioscopic stud3' frequently provides an explanation foi 
symptoms in certain cases in which the condition has been diagnosed as 
normal or psychoneurotic by the usual piocedures Although the sub- 
ject IS fai from nev, the leport by Ansprenger and Kirklin provides 
an excellent discussion of the limitations of the i oentgenologist in 
attempting to make a diagnosis of gastritis Seiious changes seen gas- 
ti oscopically may completel3'- escape roentgenographic detection In 
only a small propoition of cases of gastritis can the diagnosis be 
made by the roentgenologist Mucosal atrophy cannot be seen roent- 
genogi aphically The most important and most frequent roentgenologic 
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sign of gastritis is the presence of localized rigid, inegulai, Inpei- 
trophic mucosal folds Wartlike gi anulations, mucosal erosions that can 
be demonstrated en face and pseudopolypous formations are so infre- 
quently demonstrable that they are of relatively little importance m the 
diagnosis of gastntis Tangential projections on or near the lesser 
curvature, such as have been described, can be observed more frequenti) 
When found they constitute absolute proof of the presence of ulceious 
gastritis Indirect signs must be interpreted with great caution and 
are significant only when associated with more definite findings In 
addition to these comments of Ansprenger and Kirklin, one may say 
that even when the roentgenographic diagnosis of gastritis is correct, 
it cannot be as complete as that made with the aid of the gastroscope 
Negative roentgenographic findings are of no value m the making of 
this particular diagnosis 

Schindler, Ortmayei and Renshaw have attempted to classif)^ the 
symptoms of chronic gastritis Tlie}^ state that 50 per cent of the 
patients with superficial gastritis show periodic distress and 30 per cent 
constant distress, usually epigastric burning, gnawing, dull pressuie 
or pain Two thirds of these patients obtain relief with alkali and 
one third with food In hypertrophic gastritis, half the patients also 
show periodic distress, with severe pain in 25 per cent and dull burning 
or gnawing in the remainder, usually one to three hours after meals 
In 50 per cent of such cases, food or alkali gives relief The pre- 
dominance of males with hypertrophic gastritis is striking, the ratio 
being 22 to 1 in the cases studied Antral gastritis was noted only 
twice No correspondence was noted between the extent and seventy 
of the gastritis observed gastroscopicall) and the severity of the symp- 
toms Schindler reports an unusual case of hypertrophic gastritis 
with ulceration in which roentgen therapy was given This patient 
was observed over a period of twelve years The diagnosis could be 
made only by gastroscopic study, as roentgenographic relief study did 
not demonstrate marked changes in the mucosa A gastroscopic study 
was made sixty-five times in this case Ulceration and pain were pres- 
ent, in spite of all the usual methods of treatment Although marked 
gastritic changes i\ere present, with superficial ulceration, true peptic 
ulcer did not develop High voltage roentgen therapy caused severe, 
acute, purulent gastritis, with subsequent regeneration of an essentially 
noimal mucosal membrane It is of interest to note, however, that one 
year later atrophic gastritis developed At present it is probable that 
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no one is in a position to evaluate the i elation between chionic gastiitis 
and peptic ulcer, and any conclusions as to whether or not gastiitis is 
the undei lying cause of ulcer aie purel}'- speculative Einhoin,^'*" in a 
clinical study, says he believes that ulcer is not the lesult of gastiitis 
His article loses much of its foice since his conclusions aie not based 
on gastroscopic evidence but his aigument that the acidity in chionic 
gastritis IS lo^\, in contiast to the high acidity in peptic ulcei is prob- 
ably sound Taylor in a gastioscopic study, comes to the opposite 
conclusion In discussing the question of postoperative gastritis he 
assumes that some of the inflammatoi) piocess was present befoie the 
operation and was therefoie the cause of the peptic ulcei 

In this connection theie aie nunieious studies of the common con- 
dition of postoperative gastiitis Such obseivations aie gradual^ 
accumulating evidence that is impoitant as legards the indications foi 
surgical treatment of ulcei and as an aid to the explanation of many 
postopeiative symptoms Schindlei and Giere discuss the i elation 
of the gastioscopic findings to gastric operations and emphasize the 
importance of gastroscopic stud}' m differentiating between benign and 
malignant disease, m deteimining the opei ability of carcinoma and in 
making an early diagnosis of caicinoma Although they state that post- 
opeiatively the stoma can usually be seen, they point out the difficulties 
fiequently encountered A relatively noimal gastric mucosa is seen m 
only about 10 pei cent of cases postoperatively Among the post- 
operative gastroscopic findings chionic gastiitis is most common, but 
lecurrent ulcei, jejunal ulcer, hemonhagic erosions and silk sutures 
which have cut through the mucosa aie also found In this aiticle 
Schindler again calls attention to the pylorus-hke rhythmic activity 
of the artificial stoma Caiey has contiibuted an article on the post- 
operative appeal ance of the stomach, as a lesult of his findings he 
believes that every patient who is to be opeiated on for peptic ulcei 
should have a prehmmaiy gastroscopic stud), as fiequentl) the symp- 
toms are due to hypertrophic gastiitis In such cases loentgen examina- 
tion may show' only one of the numerous ulcei s and eiosions that are 
actually present This concept is undoubtedly conect The demonstia- 
tion of multiple erosions or ulcei s oi of severe gastiitis may be of 
gieat importance in deciding on the type of suigical procedure to be 
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adopted or may even show the process to be so extensive that medical 
treatment should be given further trial Carey believes that a stomal 
ulcer IS much moie readily seen gastroscopically than roentgenogi aph- 
ically, although a jejunal ulcer is obviously more readily demonstrated 
1 oentgenographically Carey’s article is one of the best of several 
emphasizing the impoitance of studies of the pieopeiative and post- 
operative condition, and he as well as otheis points out the excellent 
opportunity that exists for obtaining direct visual evidence of the 
efficacy of various forms of theiapy 

The problem of gastric ulcer obviously has received the careful 
attention of numerous observers As m many aspects of gastroscopic 
study, little that is absolutely new has been added, but much mteiestmg 
material has been accumulated Schloss, Ettinger and Piatt observed 
a gastric ulcer in 18 cases, m only 11 of which it was visible roent- 
genogi aphically These were tiue peptic ulcers and not superficial 
eiosions This has been noted by other obseiveis, but it should also 
be noted that the converse is true and that both methods of examination 
should always be employed Baumel points out that an old ulcer dur- 
ing a period of quiescence is less red than a new active ulcer and that 
the periulcerous base of the old ulcer is smallei, showing a tendency 
to equalization of the colors of the diseased and of the healthy parts 
of the mucosa During the evolution of the ulcer toward healing, the 
defect becomes whiter than the surrounding tissue and lustrous He, 
as have others, points out the value of repeated observations in an 
evaluation of the efifect of various forms of therapy Such a study 
was made by Frohhch dunng the course of treatment of chronic 
gastiitis with a 4 per cent solution of levohistidine monohydrochloride 
in an isotonic medium Repeated gastroscopic study showed progies- 
sive impiovement in the appeal ance of the mucosa, with the disappear- 
ance of eiosions and edematous areas His series included only 5 cases, 
however, a group that is too small to warrant any conclusions 
' With legard to gastric cancer, few hold the extreme view of Schind- 
ler that malignant lesions can be diagnosed with certainty gastro- 
scopically, although all agree that valuable diagnostic aid can be obtained 
111 this way Baumel believes that the first suspicious gastroscopic 
sign of cancer is the rigid state of the wall of the stomach even m the 
absence of any r-isible lesion The second important sign is the leuko- 
plakic appearance After the tumor has developed the malignant ulcer 
presents an irregular, jagged outline, with edges that aie less perpen- 
dicular than those of a benign ulcei and often are covered with grayish 
black material The mucosa surrounding a malignant ulcer is paler than 
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that surrounding a benign ulcer Baumel feels that the gastroscopic 
diagnosis of infiltiating cancer of the anti urn and pylorus is possible 
befoie theie aie clinical or roentgenograph ic signs In such cases the 
mucosal folds entirely disappeai, and the area alTected is boardhke and 
immobile, without any evidence of peristalsis He lecognizes, as do 
otheis, the difficulty of differentiating hypei trophic gastritis fiom pseu- 
dohpomatous oi polypoid tumor Malignant polyps are found to bleed 
moie easily than benign polyps, at the least contact with the gastroscope 
Kark lepoits a case of aplastic anemia with secondar}' carcinoma 
following atrophic gastritis m which autops}'^ showed the stomach to be 
lined with “thin smooth mucosa de\oid of lugae or relief of any soit,” 
except in the pyloiic antium, whcie theie was a small fungating 
adenocaicinoma He estimated that the giowth was piobably of only a 
few' w'eeks’ duiation hut that the gastritis was cleaily of seveial years’ 
duiation It is pertinent to call attention to such cases in oidei to 
emphasize the probable importance of atrophic gastritis in its relation 
to malignant disease It is probably a fact that gastric neoplasm aiises 
more frequently fiom an atiophic mucosa than fiom an appaiently 
noimal one 

Benedict, in leviewung the lesults of 456 gastioscopic examina- 
tions, again calls attention to the fact that m the so-called atrophic 
gastntis of pernicious anemia liver therapy lapidh improves the con- 
dition of the gastric mucosa Chcvalher and Moutier’'’’’ have also 
studied the gastroscopic aspect of repan m atrophic gastntis m the 
anemias, wnth particulai lefeience to h}pochiomic and pernicious 
anemia They have confirmed the original obseivations of Jones, Bene- 
dict and Hampton in legaid to pernicious anemia and, m addition, in 
legal d to the changes in the appearance of the mucous membrane, they 
comment on the diminished fragility of the mucosa and the appaient 
diminution in the secietion of mucus aftei specific tieatment These 
obseivers have noted an improvement in the gastiic mucosa within 
thiee w'eeks after the initiation of livei therapy, with appaient complete 
restoiation to noimal of certain aicas in thiee months The foimation 
of new' areas of mucosa is indicated b)' the appeal ance of tiny ruby- 
colored points w'hich can be readily observed With legaid to the 
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atrophy of the gastiic mucosa in pernicious anemia, it should be 
pointed out that it is entirely piobable that the process is not true 
atiophic gastritis but rather an atiophic process secondar) to \\hat is 
generally accepted as a deficiency disease 

The difificult}' of difiPeientiation between acute gastiitis and perfo- 
rated peptic ulcei IS discussed by Klosterme3er He points out that 
such seveie forms of gastritis are found more frequently m patients 
with long-standing gastric complaints due to gastritis He repoits the 
findings in 80 such cases m which operation was perfoimed because 
of the impossibility of making a diagnosis At opeiation no perfoia- 
tion w^as seen but there w^as acute gastritis, wuth fresh mflammatoiy 
eiosions in the resected specimens Five such cases occuired in the 
authoi’s experience in one year in the Hamburg Clinic One is some- 
wfiiat inclined to wmnder at the necessity for gastrectomy m such 
instances, but it cannot be denied that the obseivations aie of clinical 
inteiest 

One case reported by Touraine, Moutier and Souhgnac is of 
interest because of a raie finding The 70 year old patient had 
typical cutaneous lesions of mycosis fungoides, wnth atrophic gastritis, 
splenomegaly and marked eosinophiha Gastric lesions are rare in 
mycosis fungoides, when they occur they usually take the form of 
mucosal tumors lesemblmg tumois of the skin This is the first report 
of gastric atrophy in this disease, but it must be admitted that the find- 
ings may have been only coincidental 

THE SMALL INTESTINE 

Interest in the clinical and physiologic aspects of disturbances of 
the small intestine has increased greatly in recent yeais With the addi- 
tion of new^ei methods for making physiologic studies, real contribu- 
tions aie constantly being added to the knowdedge of this rather blind 
portion of the digestive tract 

An ingenious attempt has been made by Irving, McSwiney and 
Suffolk^'" to isolate functionally the afiferent fibers fiom the stomach 
and small intestine Dilatation of the pupils of the cat anesthetized with 
chloralose (a compound of chloral hydiate and dextrose) and leflex 
changes in the blood pressure in a similar pieparation were utilized as 
indexes of visceral afferent stimulation The gastric and duodenal 
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mesenteries are innervated by the vagus and splanchnic nerves and are 
sensitive to ti action The jejunal mesentery seems to he supplied by 
the splanchnic nerves The body of the stomach, pyloric antrum and 
sphmctei weie sensitive to distention and weie innervated with afferent 
fibeis to the vagus and sympathetic neives The lowest thieshold to 
distention was obtained from the pyloiic sphincter The right and 
left splanchnic neives supply affeient fibers to the stomach and duo- 
denum The jejunum and ileum aie much less sensitive to distention 
than are the stomach and duodenum The light and left splanchnic 
nerves appear to be the mam affeient pathwaj from these regions 

The effect of vitamin A deficiencj' on the gastrointestinal tiact was 
studied in monkeys b}’’ Verdei and Petran The gross structural 
changes resulting from vitamin A deficiency were hypeiplasia of the 
mesenteiic lymph nodes and hypeieinia of the intestinal mucosa These 
were definite in the small bow'el but not striking in the colon 

Yoder found evidence m lachitic lats that vitamin D in optimal 
amounts increases intestinal motility by about 25 per cent By infer- 
ence one diaws the conclusion that in vitamin D deficiency, motility 
is distinctly i educed The same authoi also studied the effect of 
vitamin D therapy on intestinal i eduction of iron Pievious expeiiinents 
on lachitic rats had shown that iron passes through the digestne tract 
m these animals in a less i educed state Intestinal i eduction of non 
lose from a low^ value for the ileum to lelatnely high values for the 
cecum and colon in rachitic lats Vitamin D therapy had little effect 
on the reduction of iron in the ileuin but bi ought about a definitely 
deci eased reduction in the cecum, colon and feces 

Beazell, Schmidt and Ivy har^e cai ried out experiments on the 
effect of heat on the flow'- ot blood and hmph in the intestinal tract 
Heat was applied to the lumen of isolated segments of the small intes- 
tine and colon, wuth tempeiatures ranging fiom 52 2 to 57 7 C It was 
shown that the flow of blood locally was markedly increased, e\en to 
the extent of being quadrupled, without effect on the rate of flow of 
lacteal lymph Coincident with the increase in blood flow w^as an 
increase in the secretion of succus entericus As long as there was 
no interfeience with the blood supply of the bowel by ovei distention 
or contraction, the viscus might be heated to 52 2 C Tempei atures over 
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this, however, were found to be dangerous, the injury resulting in a 
diminished flow of blood and an increased flow of lymph 

Studies by Robertson on intestinal stasis due to a low intake of 
minerals show^ed that in children, diets low m calcium and potassium 
are constipating and may cause stasis in the appendix When given 
a baiium sulfate meal, 6 of 18 children with diets low in calcium and 
phosphorus retained the barium in the appendix for from four to 
twenty-One days These same children when receiving normal diets 
showed no barium m the appendix for more than one day 

Alvarez describes a simple apparatus for the study of intestinal 
peristalsis By means of this apparatus it is possible to squirt with 
measured force a measured amount of fluid into the duodenum In 
normal rabbits such stimulation usually produced a peristaltic rush 
This was studied by a new enterograph, which was devised to recoid 
distention of the bowel and the passage of fluid into the lumen|^ A 
detailed descnption of these studies is given 

Alvarez also made studies on intestinal peristalsis in rabbits to 
determine the effects of nicotine The drug tended to cut down intes- 
tinal peiistalsis, and there seemed to be a gradient of susceptibility m 
the small bowel, the oral end being more susceptible Most susceptible 
of all structures seemed to be certain synapses m Auerbach’s plexus 
and the ganglion cells The effects of the diug wore off quickly 

Roentgenologic studies on the gastrointestinal rate were performed 
by W allace and his associates on 52 ambulatory patients, none of 
whom had any disease that might affect gastrointestinal motility The 
rate of progiess of a baiium sulfate meal was followed by observations 
at six hours and every twenty-four hours thereafter until evacuation 
was complete Less than 10 per cent of the patients evacuated the 
barium in twenty-four hours, two thirds required three days and the 
remainder did not completely expel the barium meal until the fourth 
or the fifth day This observation that the normal gastrointestinal 
tract may require as long as one hundred and twenty hours to expel a 
barium meal agrees with experimental results but represents a longer 
period than has formerly been obtained by a similar method of examina- 
tion Such a conception of normal gastrointestinal motility, of course, 
has been demonstrated by Alvarez, Hurst and others , but in view of the 
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constant attempts of many pharmaceutic houses to push the sales of 
drugs to promote “proper evacuation,” such evidence is refreshing 
and timely 

An excellent article on the action of morphine on the digestive 
tract IS presented by Krueger In it he reviews the important experi- 
mental work since the original obseivations of Magnus (1908) The 
effects of the drug in causing gastiic slowing and an increase in tone 
of the pyloric sphincter, augmented propulsion in the small intestine 
and digestive secretory changes, together with the mechanism of con- 
stipation secondary to the use of morphine, are all thoroughly covered 
in this article The factors contributing to the constipating effect of 
the diug may include any or all of the following decreased digestion 
due to diminution m biliary and pancreatic secretion, decreased propul- 
sive activity, increased viscosity of the intestinal contents due to greater 
absorption of water and closure of the pyloric sphincter Many of the 
points are hypothetic, but the article is intensely interesting 

Miller has reviewed his important studies of the function of the 
small bowel by means of intubation experiments He discusses m detail 
the factors involved in the maintenance of physiologic conditions in the 
small bowel Under varying conditions the small intestine tends to 
maintain a reaction and an osmotic pressure similar to those of the 
blood plasma The control of gastric evacuation is an important factor 
The alkaline fluids of the duodenum are primarily involved m the 
neutralization of gastric acid When the osmotic pressure of the acid 
chyme is high, reduction takes place paitly by a process of dilution 
in the stomach and duodenum and partly by absorption in the duodenum 
Miller attempts to correlate certain clinical obsen^ations on the basis of 
his experimental findings For example, he believes that he can explain 
the fact that drinking water when the stomach is empty often leads to 
prompt evacuation of the bowel , the fact that the oral administration of 
hydrochloric acid in some cases of achlorhydria slows up gastric evacua- 
tion and controls gastrogenous diarrhea , the fact that in some instances 
a dilute solution of sodium bicarbonate talcen when the stomach is 
empty gives a loose bowel movement, whereas a stronger solution may 
have no effect, and the fact that a small amount of highly concentrated 
sweet food may give a sense of distention because of the filling of the 
stomach with its own secretion in an attempt to dilute the hypertonic 
solution 
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Abbott, Karr and Miller discuss the factors concerned in the 
absorption of dextrose from the jejunum and ileum, with particular 
reference to the ability of the small intestine to maintain isotonicity of 
its contents The propulsive activity of the small intestine appears to 
increase as the concentration of dextrose rises above 5 4 per cent Using 
a solution containing dextrose in the concentration naturally occurring 
in the jejunum and ileum (5 per cent and under), the authors found 
that the rate of absorption varied directly with the concentration 

Groen,^®*’ using a modification of the method of Miller and Abbott, 
studied the intestinal absorption of dextrose, galactose and levulose 
He showed that a given length of the human small intestine during a 
constant interval absorbs a constant amount of simple sugar from a 
concentrated solution The amount of sugar absorbed increases with 
an increase in intestinal surface and is proportional to the time allowed 
for absorption The addition of dilute acid or alkali to the dextrose 
solution diminishes the amount of sugar absorbed No influence of the 
immediately preceding diet or of starvation on the rate of absorption 
could be detected A possible criticism of Groen’s studies lies in the 
fact that he closed off only the lower part of the intestine and that 
therefore it was impossible for him to measure with absolute accuracy 
the area of absorbing surface involved in any given experiment 

Further studies by Groen involved the absorption of dextrose 
from the small intestine in deficiency diseases Using the same method 
as in the preceding experiments, he found a diminished absorption of 
dextrose in 3 patients with diarrhea associated with organic disease of 
the intestine and in 10 patients suffering from dietary deficiency, such as 
pernicious anemia and pellagra In 2 cases of scurvy the absorption of 
dextrose appeared to be normal Four of the patients with deficiency 
diseases were treated by means of an adequate diet, and after successful 
therapy normal absorption of dextrose was found Groen feels that 
the diminished absorption in these cases was not due to increased 
motility but rather was the result of a defect in intestinal absorption 

Verzar,^'^ in some interesting experiments on rats, apparently has 
shown that adrenalectomy is associated with definite changes in intestinal 
absorption In adrenalectomized animals, dextrose seemed to be 
absorbed at the same rate as xylose, similar effects were noted on the 
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absoiption of fat The administration of adrenal coitex extract lestoied 
the late of absoiption of dextrose to a level four times that of the 
absoiption of xylose and increased the absoiption of fat Furthermoie, 
the author believes that under the experimental conditions lactoflavme 
IS not phosphorylated, a synthesis which probably takes place in the 
intestinal mucosa under normal conditions 

Sinclair and Smith discuss the theory of phospholipid changes in 
the intestinal mucosa This turnover of phospholipids within the mucous 
membiane lining the small intestine may be due to (1) active combus- 
tion of phospholipid within the epithelial cells, (2) continued synthesis 
and carriage of phospholipid into the blood stream or (3) involvement 
of phospholipid as an intermediaiy product m the resynthesis of neutral 
fat Fiom the results of their studies the authors suggest that m the 
enzymic synthesis of phospholipid m the intestinal mucosa there is a 
selection of one molecule of saturated fatty acid for each molecule of 
unsaturated fatty acid 

The influence of fat on the absorption of dextrose from the ali- 
mentary canal was studied by Wishnofsky, Kane and Spitz in a 
senes of 11 diabetic patients Their flndings seem to indicate that, 
contraiy to the usual opinion, the rate of absorption of dextiose mixed 
with fat is not appreciably less than that of dextrose alone 

Doubilet and Reiner were able to study the absorption of fat fiom 
the ileum in a patient with a tempoiary Thiery fistula They observed 
that the fluid secreted from the midportion of the ileum contained 
about 2 per cent lipoids Olive oil and oleic acid weie absorbed, even 
in the absence of bile acids, which in small amounts apparently had 
little or no effect on the late of fat absorption The administration of 
deoxychohc acid in large amounts inci eased the volume of fat excieted 
and subsequently tended to reduce the rate of its absoiption 

Johnson was able to separate and study colonic and ileal excretion 
111 3 patients with tumor of the cecum which necessitated both ileostomy 
and colostomy In 2 of the 3 patients the content of the terminal portion 
of the ileum was acid at all times, and in the thud patient it was 
usually acid After an increase in peiistaltic late, howevei, the content 
became approximately neutial As was to be expected, after the inges- 
tion of a laige amount of water the ileal content became moie fluid. 
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with an associated increase in weight of the wet, dry and mineial 
excietion Diuresis was associated with a concentration of the ileal 
excreta, and the moie concentrated content contained moie calcium and 
phosphoius per gram of dry weight than did the hydrated content No 
evidence was obtained that \iosterol had any specific effect on the 
absorption of calcium from the intestine m these cases In the 3 patients 
the colon failed to exciete significant amounts of calcium and phos- 
phoious at any time 

The absoiption of non fioni the intestine was found by Heath and 
his collaboiators to be inhibited when it was admmisteied in small 
doses with lelatively large amounts of mucin to patients with hypo- 
chiomic anemia These authois infer that inci eased amounts of mucus 
in the gastiic contents in the piesence of achloihydna may play some 
lole in the malabsorption of non, especially when the diet is deficient 
in this substance 

Immediate and late effects of total colectomy or colonic exclusion , 
with ileostomy were studied m 45 cases by Whittaker and Bargen It 
was found that the values for calcium m the serum weie i educed after 
operation but returned to normal within one month There were no 
other appaient disturbances in the equihbiium of the chemical con- 
stituents of the blood As has been previously noted, definite dilatation 
of the terminal poition of the ileum was the usual result The authois 
observed that the initial watery ileal discharge gradually thickened 
dming the fiist three months, and they felt that this concentration of 
the ileal discharge was unrelated to the time necessary for ingested food 
to be expelled thiough the ileac stoma They concluded that there was 
no fundamental change in motor activity or m intestinal response to 
ingested food throughout the prolonged period following operation and 
believe that no peimanent metabolic deficiency followed ileostomy 
They fail to emphasize, however, the immediate depletion that is so 
frequently seen in an aggravated form during the first weeks of the 
postoperative peiiod following ileostomy This depletion may be asso- 
ciated with various manifestations of deficiency disease and has been 
noted by numeious writers 

Welch, Masson and Wakefield indicate one of the factors that 
may be operative in bunging about depletion during the postoperative 
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penod These authors noted that there was an excessive loss of salt 
and water through the ileac stoma after ileostomy Normally about 2 
pel cent of the total output of sodium is eliminated by the gastrointes- 
tinal tract and the lemainder through the urinary tract In then patient 
91 pel cent of the sodium in the diet was eliminated by the ileostomy, 9 
per cent being recovered m the uiine Twenty-seven per cent of the 
estimated intake of chloride was eliminated by the ileostomy, although 
under oidinary conditions about 2 pei cent is lost by way of the 
intestinal tract 

Intestinal obstiuction is still a fertile field for investigation, both 
fiom the theoretic and from the practical point of view Aird,^'^° from a 
series of experiments on intestinal obstruction, concludes that the diminu- 
tion in the volume of effective circulating blood from the loss of blood 
and plasma through the intestinal wall is a tiivial factor in simple low 
intestinal occlusion and is not severe enough to cause death in cases of 
obstruction due to a closed loop He thinks that it is an important 
feature of venous sti angulation of the bowel and states that in a case of 
strangulation of a long loop, more than one third of the blood volume 
may be lost into the dilated intestinal vessels, tissue spaces of the 
intestinal wall and lumen, and into the peritoneal cavity Extensive 
volvulus and extensive mesenteiic vascular occlusion are thus piimaiily 
dangerous as foims of inteinal hemorihage and are the only types of 
obstruction in which benefit is likely to result from blood transfusion 
In cases of strangulation of an intestinal loop of medium length, Aird 
and Hendeison^®° found a high concentration of histamine in the 
peritoneal transudate This concentration was not high enough to be 
regarded as the sole lethal factor in fatal cases It is thought that the 
specific toxins present in the transudate and responsible for death are 
still unknown 

Scudder, Zwemer and Tiuszkowski produced intestinal obstruc- 
tion in cats at various levels and noted a rise in the potassium content 
of the blood to levels which have previously been shown to be lethal 
They suggest that potassium is the dialyzable toxic factor sought for 
in intestinal obstruction Their findings are corroboiated by those of 
Cutler and Pijoan,^®^ who found that in high intestinal obstruction 
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there is a definite factor of delayed absorption in the duodenum, with an 
associated increase in the potassium content of the blood They, too, 
speculate as to the possible contributory role of a high potassium content 
as the cause of death m intestinal obstruction 

The concentration of volatile bases in the fluid contents of the 
intestine after low ileal obstruction in dogs was found by Hibbard and 
Kremen to vary from 0 14 tp 1 6 per cent The volatile bases con- 
tained ammonia (SO per cent) and primary and tertiary amines The 
length of life in cases of ileocecal obstruction was shortened when the 
animals were fed a meat diet rather than a meatless diet When the pn 
of the intestinal contents obtained from dogs dying of intestinal 
obstruction was raised to the antemortem level and placed m the intestinal 
loops of normal animals, toxic symptoms appeared and were followed 
by death The distillate containing volatile bases was found to possess 
the same characteristics, but the base-free residue was entirely innocuous 
The authors conclude that if volatile bases are piesent m sufficient con- 
centiation at an optimal pn and if they are absorbed in cases of intestinal 
obstruction, severe toxic symptoms occur, with a fatal outcome 

An interesting clinical observation has been made by Estes,^®^ who 
examined the obstructed loop m 4 cases after anastomosis for intestinal 
obstruction due to adhesions In these cases diarrhea, pain, increased 
peristalsis and at times vomiting followed the first operation and led to 
resection of the sidetracked loop Examination of the resected material 
levealed apparent stasis, some persistence of obstruction or constriction 
of the intestine, enteritis and ulceiation These findings weie reproduced 
expel imentally m dogs when anastomosis was made around an 
obstiuction 

In an excellent leview of his previous obseivations, Wangensteen 
summaiizes the hazards of intestinal obstruction and outlines in detail 
the rationale of tieatment in this condition Fine^®® also reviews his 
previous work and gives his further experience in the use of 95 per cent 
ox 3 '’gen m deflating the distended bowel when other known nonoperative 
measures fail Fine feels that the method is valuable in the treatment 
of distention, either of functional or of mechanical origin, and that it 
ma 3 >- be used to advantage befoie or after enterostomy for obstruction 

183 Hibbard, J S , and Kremen, A J Effect of the Volatile Base in Fluid 
Intestinal Contents on Dogs with Low Intestinal Obstruction, Surgery 3 325 
1938 

184 Estes, W L , Jr Enteritis of Obstructed Loop Followintr Entero- 
Anastomosis for Intestinal ObstrucUon, Ann Surg 105 871, 1937 

185 Wangensteen, O H Rationalizing Treatment in Acute Intestinal Obstruc- 
tions, Surg , Gynec & Obst 64 273, 1937 

186 Fine, J , Hermanson, L , and Frehlmg, S Further Clinical Experiences 
with Ninety~Fne per Cent Oxjgen for the Absorption of Air from the Body 
Tissues, Ann Surg 107 1, 1938 
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Symptoms of oxygen poisoning were avoided by interrupting the admin- 
istration of the gas eveiy four to eight hours The length of time 
necessary to produce a therapeutic effect varied with the individual 
case, m accoi dance with the volume of an to be absorbed and the 
relative extent of the suiface available for absoiption 

Various clinical aspects of disease of the small bowel are reported 
but for the most part do not wan ant inclusion in this review Freihch 
and Coe^®" discuss the clinical pictuie of jejunal intussusception, which 
IS most commonly seen in adults and which is usually caused by a 
tumor due to some local cause of obstiuction In children, jejunal 
intussusception is commonly found with no appaient cause In 3,784 
cases of intussusception, an enteiic t3^pe occuiied in 14 per cent and a 
jejunal type m only 0 9 pei cent of the cases 

Foucar^®® adds a lather complete review of the literature on syphilis 
of the gastrointestinal tiact, in it he includes a desciiption of 12 cases 
of syphilis of the small intestine and 1 interesting case of gumma of 
the transverse colon 

Among the many reports on legional ileitis, an aiticle by Jellen^®® 
may be mentioned, mainly because it contains a good summary of the 
roentgenologic findings m this ill defined condition 

A good discussion of malignant tumor of the small intestine is pre- 
sented by Nickel son and Williams The article includes a brief sum- 
mary of the hteiature and a presentation of 10 cases in which the tumor 
was discovered at autopsy over a forty-} ear period A coiollary is 
found in an article by Rowe and Neely,^®^ who discuss malignant growths 
of the small intestine and review m particulai the roentgenologic aspects 
of the diagnosis of this condition 

An interesting clinical obseivation on spasmodic intestinal complica- 
tions in pernicious anemia is presented by Weil and Menetrier These 
authors desciibe the appearance of a pseudotumor, which produces 
clinical symptoms of pyloric constriction and gives the i oentgenographic 
appearance of amputation of the pylorus They believe that these mani- 

187 Freihch, E B , and Coe, G C Jejunal Intussusception, Ann Surg 
105 183, 1937 

188 Foucar, F H Syphilis of Gastro-Intestinal Tract Report of Case of 
Gumma of Transverse Colon with Review of Literature, Am J Path 13 65, 1937 

189 Jellen, J Regional Ileitis Review of Fifty Cases, Am J Roentgenol 
37 190, 1937 

190 Nickerson, D A , and Williams, R H Malignant Tumors of the Small 
Intestine, Am J Path 13 53, 1937 

191 Rowe, E W , and Neely, J M Primary Malignancy of Small Intestine, 
Radiology 28 325, 1937 

192 Weil, P, and Menetrier, H Complications intestmales spasmodique au 
cours de I’anemie permcieuse, Bull et mem Soc med d hop de Pans 53 145, 
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festations are due to muscular spasm and note that they disappear u ith 
liver theiapy 

Experimental studies have been carried out by Chandlei on the 
natuie of immunity to intestinal helminths, the work being done on 
white rats The article is chiefly concerned with a discussion of the 
details involved in parenteral and intestinal immunity The latter ma} 
be a part of the general immunity stimulated by pai enteral immuniza- 
tion, although it may be developed independently 

Differences of opinion still exist as to the pathogenesis of infesta- 
tions with Lambha Irazabal-Luigui,^®* in the belief that these paiasites 
may be the cause of symptoms, sought for an effective specific agent 
Tincture of carobine, pyrethnn, gentian violet, acetarsone, naphthalene 
and essence of turpentine were all used as therapeutic agents The 
author concludes that essence of turpentine is of definite value in 
treating lambhasis, although it is not a specific The other medications 
showed no beneficial effects 

THE COLON 

In addition to numerous clinical and statistical studies of diseases of 
the colon, too numerous to be discussed m this review, a number of 
original contiibutions have appeared These may be divided into thiee 
main groups (1) contributions to the physiology of the colon, (2) 
descriptions of unusual diseases or complications and (3) contributions 
to the therapy of colonic diseases 

The contributions to the physiology of the colon include those 
dealing with metabolism, motility, dynamic pathologic anatomy, innerva- 
tion, pharmacology, allerg}^ and bacteriology These subjects will be 
discussed in order 

An outstanding contribution to the knowledge of metabolic changes 
dependent on ulcerative colitis is made by A¥elch, Adams and Wake- 
field They studied 3 cases of idiopathic ulcerative colitis The 
patients w'^eie given standard diets The most outstanding metabolic 
feature was the abnormally high output of nitrogen m the feces This 
w'^as accompanied by a low uiea nitrogen content of the blood, which 
varied from 8 to 20 mg per hundred cubic centimeters However, the 
excietion of fat in the feces was not in excess of that found for normal 
persons ingesting similar diets The authors conclude that the increased 
fecal output of nitrogen was due to destruction of tissue and to the 

193 Chandler, A C Studies on Nature of Immunity to Intestinal Helminths 
VI General Resume and Discussion, Am J H 3 ^g 26 309, 1937 

194 Irazabal-Luigui, M Etudes expenmentales sur le traitement de la 
lambhase, Ann de parasitol 15 29, 1937 

195 Welch, C S , Adams, M , and Wakefield, E G Metabolic Studies of 
Ulcerative Colitis, J Clin Investigation 16.161, 1937 
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presence of such substances as blood and pus m the feces They feel 
that the role of the rapid intestinal rate in preventing the absorption 
of fat has been greatly overemphasized 

Several studies of the motility of the colon have appeared Gala- 
peaux, Templeton and Boikoii placed tandem balloons in the colon 
of each of 4 cecostomized dogs and then mtioduced intraluminally 
quantities of gallbladder bile equal to the maximal amount of watei 
which could be given without alteiing the motility of the colon Usu- 
ally this was about 20 cc They found that the introduction of gall- 
bladder bile consistently produced a i eduction in the motility of the 
colon but resulted in defecation The same quantity of water had no 
effect The authors conclude that defecation may normally be accom- 
panied by lelaxation of the smooth musculature of the colon rather 
than by stimulation of it Borkon and Templeton/®’' however, demon- 
strated in similar pieparations that an enema of 100 to 200 cc of oil 
letained within the rectum for two hundied minutes was accompanied 
by increased activity of the musculature in all parts of the colon 
Lawson and Templeton’®® had pieviously shown that increasing the 
balloon pressure or intioducmg iiritants above the inner sphincter of the 
anus inhibited the tone and activity in the proximal portion of the colon 
while stimulating active conti actions m the lectal region White and 
Jones’®® observed the number of peiistaltic contractions in the human 
rectum through the sigmoidoscope They found that although the 
resting rectum showed few or none, there were usually definite con- 
tractions after the application within the ampulla of the rectum of an 
irritant such as hypertonic salt solution or oil of turpentine The appli- 
cation of the same irritant above the lectosigmoid junction, however, 
produced little or no peristaltic activity All these findings are con- 
sistent with the hypothesis that the musculai activity incident to defeca- 
lon is stimulated by the passage of fecal maltei , possibly through relaxed 
circular musculature, into the ampulla of the rectum, where its presence 
through distention and local iiritation produces activity of the muscu- 
lature of the entire colon 

196 Galapeaux, E A , Templeton, R D , and Borkon, E L The Influence of 
Bile on the Motility of the Dog’s Colon, Am J Physiol 121 130, 1938 

197 Borkon, E L, and Templeton, R D The Influence of Oil Enemas 
on Colon Motility in the Dog, Am J Physiol 118 775, 1937 

198 Lawson, H, and Templeton, R D Studies in the Motor Activity 
of the Large Intestine I Normal Motility in the Dog, Recorded by the 
Tandem Balloon Method, Am J Physiol 96 667, 1931, II The Influence of 
Balloon Technique upon Colon Motility, ibid 99 87, 1931 

199 White, B V , Jr , and Jones, C M The Effect of Irritants and of 
Drugs Affecting the Autonomic Nervous System upon the Mucosa of the Normal 
Rectum and Rectosigmoid, with Especial Reference to “Mucous Colitis,” New 
England J Med 218 791, 1938 



JONES LT AL— GASTROENTEROLOGY 


705 


Conflicting data on the presence of the gastrocolic reflex in the dog 
have appeared Galapeaux and Templeton found that filling the 
stomach with a mixture of yeast and buttermilk oi even inflating it 
with a balloon resulted m stimulation of colonic activity in the dog 
Shve and Fogelson,^°^ however, using balloons introduced through fis- 
tulas in different parts of the colon, were unable to demonstrate the 
gastrocolic reflex, although they did demonstrate an appetite or feeding 
leflex A feeding reflex would hardly account for colonic motility after 
the inflation of a balloon m the stomach, as reported by the formei 
workei s 

Barclay and Franklin investigated the physiology of the defeca- 
tion reflex They discovered that if digital compression of the bladdei 
or of the large intestine was performed, particularly if there was 
passage of feces into the rectum, there resulted a marked reflex con- 
ti action of the diaphragm and abdominal muscles These observations 
suggest that the act of defecation is a purely involuntary affair after 
the propel stimulus to its initiation has occurred 

Hartmann advances the idea that the pathologic anatomy of 
diverticulosis is dependent on the presence of localized areas of muscular 
weakness and of spasm He repoits an instance in which a surgeon 
who was operating on an inflamed rectosigmoid junction witnessed a 
powerful contraction of the intestine, during which the taeniae separated 
and a row of little diverticula popped out Hence, Hartmann believes 
that diverticula of the colon are usually pulsion diverticula and that 
the concept of a state of latent diverticulosis may well be tenable He 
attributes much importance to the possible role of so-called mucous 
colitis and of lead colic in conditioning this state 

The autonomic innervation and the pharmacology of the colon are 
best considered together The contributions which deal with the 
neurologic aspects of colonic physiology are those of Lawson and Holt 
and of Manning, Hall and Banting^®® Lawson and Holt studied the 
effect of surgical decentralization and subsequent removal of the inferior 

200 Galapeaux, E A, and Templeton, R D The Influence of Filling the 
Stomach on Colon Motility, Am J M Sc 195 230, 1938 

201 Shve, A , and Fogelson, S J Colon Motility An Experimental Study 
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202 Barclay, A E, and Franklin, K J Reflexes from Bladder and Large 
Intestine, J Physiol 90 478, 1937 

203 Hartmann, J Zur funktionellen Pathologie der Divertikulosis des Kolons, 
Munchen med Wchnschr 84 252, 1937 

204 Lawson, H , and Holt, J P The Control of the Large Intestine 
by the Decentralized Inferior Mesenteric Ganglion, Am J Physiol 118 780, 1937 

205 Manning, G W , Hall, G E, and Banting, F G Vagus Stimulation 
and the Production of I^Iyocardial Damage, Canad M A J 37 314, 1937 
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mesentenc ganglion in dogs Obseivations on the motility of the colon 
were made by the balloon method They found that division of the spinal 
rami of the inferior mesenteric ganglion resulted in a decreased tone in 
the anal canal and an increased tone m the middle portion of the colon 
but was without effect on the height or the rate of intestinal conditions 
Subsequent removal of the infer loi mesenteric ganglion had no constant 
effect on muscle tone but greatly increased the height of contractions 
Manning, Hall and Banting studied the effect of direct stimulation of 
the vagus nerve on the myocardium and on the gastrointestinal tract 
Hall, Ettinger and Banting had previously produced myocardial 
damage and ulceration m the stomach and duodenum by daily intra- 
venous administration of acetylcholine In anesthetized animals they 
failed to obtain these changes by direct vagal stimulation Manning, 
Hall and Banting, however, developed a technic for chronically stimulat- 
ing the vagus neiwe of unanesthetized animals and produced lesions 
similar to those resulting from the intravenous use of acetylcholine 
White and Jones,^®'’ by direct observation through the sigmoidoscope, 
noted changes, consisting of diffuse injection, secretion of mucus, dila- 
tation of veins and a mild degree of spasm of the rectosigmoid junction 
after the oral ingestion of acetylbetamelhylcholine chloride and after 
the topical application of ph)'sostigmine sulfate and pilocarpine hydro- 
chloride They did not furnish evidence as to the effect of direct stimula- 
tion of the parasympathetic nervous system on these tissues Stan 
studied the pharmacologic effects of carbaminoylcholine chloride in 
normal persons and in persons with peiipheial vascular disease He 
concluded that its cholinergic action on the gasti ointestmal tiact, as 
compared with that on the circulatory system, was far gieatei than 
that of acetylbetamethylcholine chloride Bosse used the drug thera- 
peutically in 62 cases of postoperative intestinal distention and atony of 
the bladder It relieved urinary retention in 75 per cent of the 41 
cases in which it was tried and was found effective in 21 cases of post- 
operative distention The author feels that carbammoyl choline chloride 
was considerably more effective than piostigmine and safer than the 
pituitary preparations Myerson, Schube and Ritvo obsei ved the 

206 Hall, G E , Ettinger, G H , and Banting, F G An Experimental 
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eftect of acetylbetamethylcholnie chloride on the atonic colon in certain 
cases of schizophrenia They found that a 30 mg dose administered 
subcutaneously generally produced increased tonus and motility of 
twenty-four hours’ duration Two papers on drugs which supposedly 
inhibit the muscular activity of the colon are also of interest Quigley 
demonstrated that methylhomatropine bromide was less effective than 
atropine sulfate m its effect on gastrointestinal motility In the unanes- 
thetized dog, doses one and one-half times the necessai y dose of atropine 
sulfate were required to inhibit completely the motility of the stomach 
It required doses six times as large as the necessary dose of atropine 
sulfate to inhibit completely the activity of the colon Novatropm is 
alleged to be six tenths as toxic as ati opine sulfate Boyd repoi ts 
investigations on the properties of benzedrine sulfate which indicated 
that It possesses a specific direct effect, causing contraction of intestinal 
and uterine smooth muscle This activity was also shared by ephedimc 
hydrochloride but not by epinephrine hydrochloride Hence any relax- 
ing effect which benzedrine may have through its effect in inhibiting the 
end organs of the sympathetic nervous system is at least m pait offset 
by a direct antagonistic action on smooth muscle 

A common denominator of innervation of the autonomic nervous 
system, chemical mediation of nerve impulses, capillary physiology, 
allergy and, more specifically, wheal formation is histamine Felix, 
inspired by the work of Mellanby and of Koessler and Hanke, who have 
shown that histamine introduced into the gastrointestinal tract rapidly 
disappears, studied the effect of a preparation of diied intestinal mucus 
(“toiantil”) on histamine If injected simultaneously with histamine, 
torantil was found to be without effect m modifying the action of the 
histamine If incubated with histamine at 37 C for twenty-four hours, 
howevei, it completely inhibited the action of the latter The extract of 
mucus was rendered completely inert by heating to 70 C for thiity 
minutes and was inert at a pn of from 2 5 to 5 Because of its latent 
period, thermolability and optimum pj^, the author concludes that toiantil 
possesses the qualities characteristic of a true enzyme Attempts to 
treat intestinal disorders with this preparation will be discussed m the 
last paragraphs of the present review 

210 Quigley, J P The Relative Effectiveness of Atropine and Novatropm 
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In the field of allergy, Gray and Waltzer inoculated into the 
mucosal wall of the rectum serum from a patient known to be sensitive 
to peanut oil When peanut meal was subsequently fed by mouth the 
sites of passive tiansfer into which the oil had been inoculated could be 
seen to swell up and become edematous, gradually to become deep red, 
to become covered with mucus and finally, in the course of an hour or 
so, to fade away The changes commenced six to thirty minutes after 
the ingestion of the peanut oil The authors concluded that the changes 
were due to hematogenous transmission of the antigen From their 
description the changes must have lesembled closely those observed by 
White and Jones after the topical application of cholinergic drugs 

Contributions to the bacteriology of several diseases of the colon 
have appeared Goodpasture studied a patient wuth typhoid at 
autopsy, one and one-half hours after death He observed within the 
plasma cells small gram-negative bacilli, which he assumed to be 
Escherichia typhi They were piesent in intestinal lesions and also in 
legional lymph nodes He advances the hypothesis that the young 
plasma cell is an essential cellular host in the typical disease in human 
beings and serves as a protecting and nourishing medium thiough the 
peiiod of incubation and throughout the active course of the disease 

Castellani describes a rare and little known form of chronic 
colitis, which he termed metadysenteue chiomque He says that the 
disease is due to a group of organisms for w'hich Cerruti coined the 
generic name Castellanus Like true dysentery organisms, these organ- 
isms do not produce gas on any sugar, but they ferment lactose, wutli the 
formation of acid, and slowly coagulate milk Some strains are motile 
and others nonmotile One of the strains is considered to be identical 
with Sonne’s bacillus The disease is widely distributed in the tropics 
and subtropics and all over Europe and is characterized by recurrent 
attacks of simple diarrhea, often interspersed wuth long remissions 
There is no pus or blood in the feces, and the clinical picture often 
closely resembles that of mucous colitis A detailed classification of the 
various strains of organisms, with their characteristic fermentation reac- 
tions, IS given Mones and Sanjuan report on the etiologj’- of ulcera- 
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tive colitis, advancing the thesis, supported by some evidence, that the 
disease is caused by a filtiable virus They were able to find the gram- 
positive diplostreptococcus of Bargen with about equal frequency in a 
series of 25 cases of idiopathic ulcerative colitis and in a control group 
of similar size They weie lelatively unsuccessful in producing experi- 
mental lesions with this organism They prepared a filtrable virus 
from ulcers of patients with ulcerative colitis and succeeded m producing 
ulcerative lesions of the gastrointestinal tract m animals after the 
intiavenous injection of this virus They found that the virus lost 
virulence if cultivated on solid medium but retained it if grown on 
Rosenow’s medium They feel that the virus grew anaerobically at the 
expense of living streptococci Fifty-five per cent of all the rabbits 
which were given injections became ill, while 88 per cent of the rabbits 
which were given injections of the virus grown on Rosenow’s medium 
became ill In almost all of them diarrhea developed, sometimes with 
bloody stools The digestive tracts showed lesions varying from con- 
gestion to deep ulceiation The experimental disease in dogs was more 
like the disease in human beings than like that in rabbits More than 
80 per cent of the dogs that were given injections became ill The 
authors offer no specific therapeutic suggestions 

Paulson and Andrews report, after an extensive study of the 
value of complement fixation tests for amebic infestation, that positive 
results were obtained for 66 7 per cent of the patients with known 
amebiasis A number of positive results were also reported for persons 
with no clinical or other laboratory evidence of infestation The tests 
were made on 150 persons, and the samples of blood were sent to three 
different laboratoiies in Baltimore Craig, Sherwood and Arnold anti- 
gens were used Some of the serums were tested with more than one 
of the antigens, and the incidence of positive reactions varied consider- 
ably The gross number of positive reactions for persons with known 
amebiasis (66 7 per cent) was lower than the figures published by the 
aforementioned authors or by Tsuchiya Paulson and Andrews con- 
clude that the test as performed routinely in the clinical laboratory can 
be considered as a diagnostic aid but that primary importance should 
not be attached to it 

Bauknecht,^^® m studying the effect of indol and its derivatives on 
the inhibition of the growth of bacteria, found that indol, skatol, mdol 
acetate and mdol propionate had an effect in inhibiting the growth of 

217 Paulson, M , and Andrews, J A Comparative Evaluation in Clinical 
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bactena far m excess of that of phenol The concentrations of indol 
and of phenol lequired to inhibit the growth of various organisms were 
as follows 


Organism 

Indole 

Phenol 

Lactic acid bacilli 

1 2,000 

1 250 

Bacillus coll 

1 2,000 

1 500 

Bacillus proteus 

1 2,000 

1 250 

Streptococcus haemolyticus 

1 2,000 

1 500 

Staphylococcus aureus 

1 4 000 

1 250 


In view of such findings one is led to speculate whethei the dele- 
teiious effects that are usually ascribed to indol and its derivatives 
may not be countei balanced by beneficial mhibitoiy effects on bacterial 
growth in the bowel 

The descriptions of unusual diseases or of unusual complications of 
diseases of the colon include a large number of subjects, which in man} 
instances are only supei ficially related to one another Pei haps the 
most important of these is the widening recognition of the intestinal 
manifestations of lymphogranuloma venereum Chapman and Hay- 
den report on a senes of 30 patients with "lymphogranuloma ingui- 
nale” from various parts of New England Of these 30 patients, 10 
showed only local adenitis and genitourinaiy manifestations, 4 showed 
chronic gastrointestinal disease without anal stnctuie and 16 showed anal 
strictures with or without other manifestations of the disease Of the 4 
showing gastrointestinal disease without anal stricture, 3 had localized 
proctitis, while the fourth had regional ileitis The entire senes of 30 
patients showed a positive reaction to the Frei test Paulson sepa- 
rated from the general group of patients with idiopathic ulcerative colitis 
a small number who gave a positive reaction to the Fiei test in uhom 
an antigen prepared from the intestinal content was capable of evok- 
ing a positive cutaneous reaction The positive reaction could be pro- 
duced either in the person from whom the antigen was isolated or in 
some other person with venereal lymphogianuloma Paulson feels that 
he has presented evidence that the syndrome of ulcerative colitis in 
certain instances can well be a manifestation of venereal lymphogranu- 
loma Spiesman, Levy and Brotman,^-! in a study of 138 patients with 

219 Chapman, E M, and Hayden, E P Lymphogranuloma Inguinale, New 
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rectal stricture m the Cook County Hospital, Chicago, found that 115 
gave a positive reaction to the Frei test and that 89 per cent were ^^omen 
with reputedly low moral standards Haim and Mathewson found 
23 cases of venereal lymphogranuloma m 51 cases of benign rectal 
stricture m San Francisco They found a high incidence of positne 
leactions to the Frei test among patients in a marine hospital and a 
much lower incidence among the patients m the wards of a general 
hospital 

The presence of colitis localized on the right side of the colon also 
leceived a moderate amount of attention Crohn and Berg found that 
about 10 per cent of their patients with idiopathic ulcerative colitis had 
lesions localized in the right or transverse colon or both but showed 
little evidence of disease in the rectum or sigmoid flexure Dudley and 
Miscall also emphasize the fact that tumors much like those of 
regional ileitis can be found m various parts of the gastrointestinal 
tract, including the colon , and Illtyd-James reports a case m which 
the picture was similar to that m regional ileitis but the lesions were 
located wholly within the colon Ralphs reports 3 cases of chronic 
inflammatory tumor of the gastrointestinal tract m 2 cases in the ileo- 
cecal and in 1 case in the pelvirectal region There is still much con- 
fusion in the use of such terms as colitis, regional ileocolitis and 
inflammatory tumor, and it is not clear from some of the papeis 
whether the tumor was necessarily idiopathic There is apparentl}^ a 
field where regional ileitis and ulcerative colitis mimic one another, and a 
sharp demarcation is still further obscured by such diagnostic possi- 
bilities as tuberculosis, diverticulitis, syphilis, venereal lymphogranuloma 
and neoplasm 

A rare form of granuloma which may be mentioned is amebic stenosis 
Christopher reports on a case of amebic dysentery m which the 
inflammatory process progressed to the point where resection of the 
entire right and the transverse colon was necessar}^ to relieve intestinal 
obstruction Christopher found m the literature a report of only 1 
previous case of amebic granuloma m which surgical treatment nas 
required, a fatal case reported by Youmans 

222 Haim, A , and ^lathewson, C , Jr The Incidence of Lymphogranuloma 
Inguinale in San Francisco, JAMA 108 961 (March 20) 1937 

223 Crohn, B B , and Berg, A A Right-Sided (Regional) Colitis, J A 
M A 110 32 (Jan 1) 1938 

^24 Dudley, G , and Miscall, L Inflammatory Tumors of the Gastro- 
intestinal Tract, Ann Surg 107 55, 1938 

225 Illtyd-James, T G Chronic Regional Colitis, Bnt J Surg 25 511, 
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226 Ralphs, F G On Chronic Inflammatory Tumors of the Gastrointestinal 
Tract, Bnt J Surg 25 524, 1938 

227 Christopher, F Stenosis of the Large Bowel Due to Amebiasis, Surgerv 
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A numbei of congenital anomalies, pnncij^ally of the right colon, 
aie repoited by vaiious woikers but haidly warrant comment 

Shanks has made a study of the position and relations of the colon 
lelative to the development of anomalies He feels that anomalies may 
be due to alterations in length, rotation, fixation or size and attempts 
to explain most of the common vaiiations on this basis Hardly to be 
explained on this basis were 3 cases of solitary diveiticulum of the 
cecum repoited by Bennett-Jones,--® who in addition to his own senes 
cites 17 cases previously reported in the literature In many cases 
the diveiticulum became the site of inflammation and produced symp- 
toms much like those encounteied in appendicitis Howevei, only 1 
of the 11 cases leviewed in the liteiature teiminated in perfoiation 
Another laie congenital abnoimality is microcolon, of Avhich 2 cases 
are lepoited by Ewing and Cooke Both occurred in 3 day old 
children who died postopeiatively That congenital microcolon is a 
lare anomaly is attested by the fact that in a senes of 111,451 consecu- 
tive autopsies reported fiom A^ienna, congenital narrowing of the colon 
was encounteied m only 2 cases, while in a senes of 150,000 consecu- 
tive autopsies reported from Leningrad it was encountered in only 
9 cases 

Several unusual causes of intestinal obstiuction are also described 
Ehason and Erb were able to find m the literature only 38 cases of 
intestinal obstiuction during pregnancy which were attributed to 
enlargement of the uterus They add reports of 3 patients from the 
obstetric service of the Hospital of the University of Pennsylvania 
They feel that relief can sometimes be obtained by changes m position 
and enemas but that otherwise lapaiotomy and cesarean section are 
indicated Hepburn and Cattell each report instances of intes- 
tinal obstruction resulting from endometrial implants Cattell divides 
the types of involvement of the bowel into three groups (1) involve- 
ment of the rectovaginal septum, (2) involvement of the rectum and 
sigmoid flexure and (3) endometrial involvement of the entire intes- 
tinal wall He cites 2 cases lepresentmg each type In those cases in 

228 Shanks, S C Congenital Abnormalities of the Colon, Bnt J Radiol 
4 261, 1937 

229 Bennett- Jones, M J Primary Solitary Diverticulitis of the Cecum, 

Bnt J Surg 25 66, 1937 o 

230 Ewing, J B , and Cooke, W E Two Cases of Congenital Microcolon, 
Bnt J Surg 25 506, 1938 

231 Ehason, E L, and Erb, W H Intestinal Obstruction Complicating 
Pregnancy, Surgery 1 65, 1937 

232 Hepburn, J J Endometriosis as a Cause of Acute Intestinal Obstruction, 
New England J Med 217 6, 1937 

233 Cattell, R B Endometriosis of the Colon and Rectum with Intestinal 
Obstruction, New England J Med 217 9, 1937 
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which the intestinal lesion w^as discrete, lesection of the sigmoid flexure 
was performed, m the others the bow^el was not lesected In all cases 
extensive pelvic treatment was carried out, and all the patients showed 
good recovery Foucar^®® reports 1 case of gumma of the transverse 
colon He has collected reports of only 4 cases from the literature, 
in none of which had a flexure been aflFected 

Uncommon tumors or combinations of tumors are also leported 
Maingot and Pemberton and Waugh each cite instances of the 
simultaneous development of carcinoma of the stomach and carcinoma 
of the colon Wyatt discusses carcinoid or aigentaffine tumors and 
concludes that they are, contrary to general opinion, potentially malig- 
nant He cites 1 case in which there were metastases, but the patient 
did well after removal of the primary and secondary lesions Miller 
and Sweet emphasize the importance of inheritance m the develop- 
ment of multiple polyposis of the colon and also the frequency with 
which such lesions eventually become malignant 

Two unusual genitourinary complications were also noted Hep- 
lei desciibes 2 cases of nonobstructive congenital megaloureter, m 1 
of which the condition was associated with megacolon Feldman”^® 
describes the development of renocolic fistula as a complication of 
pyelonephritis In his patient the renal pelvis had perforated through 
into the large bowel, and the resultant lesion was mistaken for carci- 
noma of the colon when an enema of barium sulfate w^as given 

Wilkie, in the course of twenty years of practice, has seen 4 
patients with benign ulcer of the ascending colon In these 4 cases the 
ulcer became manifest through utterly different clinical syndromes In 
view of the extreme rarity of the condition they merit listing separately 

Case 1 — A 45 year old man complained of chronic constipation and pain in the 
right lower quadrant of the abdomen At operation a mass was present m the 
ascending colon which looked much like carcinoma Pathologic study of the 

234 Maingot, R Primary Carcinoma of the Stomach, Sigmoid and Colon 
Occurring Simultaneously, Brit M J 1 118, 1938 

235 Pemberton, J J , and Waugh, J M Primary Carcinomas of the Stomach 
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resected lesion revealed a deep ulcer, much like a gastric ulcer, with induration 
and small cell infiltration but no evidence of cancer 

Case 2 — A 64 year old woman complained of chronic constipation and pain 
in the right lower quadrant of the abdomen Ph>sical examination revealed a 
tender mass in that quadrant Subsequently a nontender necrotic swelling developed 
in the inguinal region which looked like a hernia but contained gas It was 
found to be continuous with an extrapcritoneal cavity extending from the kidney 
to the pelvis Autopsy showed an ulcer, 5 mm in diameter, which had per- 
forated through the posterior aspect of the ascending colon 

Case 3 — A 56 3 Tar old woman complained of chronic constipation and of 
diarrhea of eight da 3 "s’ duration Severe pain and tenderness then developed in the 
right lower quadrant of the abdomen She died, and autopsy showed generalized 
peritonitis resultant on the anterior perforation of an ulcer in the ascending colon 

Case 4 — A 49 year old woman complained of distention and of dragging pain 
in the right lower quadrant of the abdomen of ten 3 ears’ duration At operation 
a fibrosed stellate scar was present in the ascending colon There was also a 
duodenal ulcer 

Two unusual conditions simulating acute abdominal conditions are 
also placed on record Cullen and Brodel describe a s 3 mdrome char- 
acterized by acute tenderness in the lowei portion of the abdomen 
produced by hemoirhage into the sheath of the lectus abdominis mus- 
cle The symptoms usually occuired after exeition or during preg- 
nancy, and Cullen says that on physical examination it was detei mined 
that the tenderness was localized to the area of the muscle sheath 
Robertson emphasizes that in hypeithyroidism it is possible for a 
state of abdominal distress to develop which simulates an acute abdom- 
inal catastrophe In 1 of the 3 cases cited the patient had been given 
thyroid by mouth Severe pain developed in the light lower quadrant 
of the abdomen and v^as accompanied by diairhea and a white blood 
corpuscle count of 27,000 per cubic inilhmetei At opeiation, b}'^ a 
well known surgeon, a normal appendix was removed 

Ferguson repoits 2 cases of carcinoma of the pelvic viscera in 
which irradiation was followed by distressing lectal symptoms Cramps, 
severe tenesmus, bloody diairhea and, in 1 case, almost complete incon- 

241 Cullen, T S , and Brodel, M Lesions of the Rectus Abdominis Muscle 
Simulating an Acute Intraabdommal Condition I Anatomy of the Rectus 
Abdominis Muscle, Bull Johns Hopkins Hosp 61 295, 1937 Cullen, T S 
II Hemorrhage Into or Beneath the Rectus Muscle Simulating an Acute Abdominal 
Condition, ibid 61 317, 1937 
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Masked by Symptoms of Acute Abdominal Catastrophe, JAMA 108 623 
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243 Ferguson, L K Secondary Effects of Radiation upon the Rectum 
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tinence occuned seveial months after the treatment Examination 
levealed extreme tenderness of the rectum, stenosis due to contraction 
of the entire rectal wall and a pale, ulcerated mucosa Treatment 
includes keeping the stools soft if stenosis is marked and colostomy if 
necessary This reaction should be distinguished from extension oi 
metastasis of a neoplasm, which it simulates 

The contributions to the therapy of diseases of the colon may best 
be divided into those which are primarily surgical and those which are 
primarily medical Devine describes a technic for operating on the 
isolated colon after the fecal stream has been diverted By an ingenious 
method he performs an initial double-barrel proximal colostomy in 
which the two ostia aie widely separated In this way it is possible 
completely to protect the isolated colon from fecal contamination and 
by daily lavage to approach a state of sterility Devine has found that 
It IS possible to pel form the most radical resection m the distal portion 
of the colon and rectum without the mortality generally associated with 
operative woik in that region Reestablishment of fecal flow through 
the colon is easily brought about through the use of an enterotome, 
which cuts thiough the walls of the colon directly beneath the double- 
barreled entei ostomy 

Adson,^*® m discussing the surgical tieatment of Hii schsprung’s 
disease, outlines four operations on the sympathetic system in current 
use (1) the Wade operation, consisting of removal of the first and 
second lumbar sympathetic ganglions on the left, (2) the Judd and 
Adson operation, consisting of bilateral removal of the second, third 
and fourth lumbar ganglions and the intervening trunk, (3) the Rankin 
and Leannouth operation, consisting of resection of the inferior mesen- 
teric nerves and the presacral nerve, and (4) the new Adson operation, 
consisting of removal of both trunks, the second, third and fourth 
lumbar ganglions, the superior hypogastric plexus and the presacral 
nerve After this last type of operation the only sympathetic fibers 
lemammg intact are those which course down along the inferior mesen- 
teric arteiy to the lower portion of the colon and anus Adson reports 
follon-up studies of 22 patients with Hirschspiung's disease or an 
atonic colon, 3 having had extensive splanchnic resection and the rest 
a limited operation The patients were from 5^4 months to 19 years 
of age, most of them being under 6 years of age Most of those in 
whom the disoidei was on the left side were greatly helped , those with 
symptoms on the right side responded distinctly less well Two patients 

244 Devine, H Operation of a Defunctioned Distal Colon, Surverv 3 
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245 Adson, A W Hirschsprung’s Disease Indications for and Results' 
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died, 1 on the operating table and 1 a day later Lei iche outlines 
the same group of procedures and, m general, agiees that after any 
one of them the intestinal movements usually become legular and 
lemain regular with or without a laxative He decided therefore to 
try a much simpler opeiation, i e , unilateral resection of the splanchnic 
nerve This he did in 4 cases (2 children and 2 adults), with excel- 
lent results 

Another semisurgical procedure is the use of the electi ocautery 
for the treatment of carcinoma of the rectum Thorlakson and Hay 
m 10 cases of caicinoma of the lectum or lectosigmoid juncture, 
employed electrocoagulation, they feel that it offeis a means of palliative 
treatment under certain indications (1) advanced age, (2) marked 
general debility, (3) tumor of the lectal ampulla located posteriorly and 
laterally and (4) refusal of radical surgical treatment They claim 
good palliative results in certain instances However, it seems that 
there is danger of perfoiation thiough peritoneahzed areas of the rectum 
and of the rectosigmoid juncture, with the development of generalized 
peritonitis, and in most instances this hazard should contiamdicate such 
a proceduie 

Pneumoperitoneum in the tieatment of intestinal tubeiculosis is 
reviewed by Salkin He claims good results or complete cure in 72 
per cent of 76 white patients and in 76 per cent of 17 Negroes , m othei 
words, in 73 per cent of a total of 95 patients so treated Unfor- 
tunately, he does not publish data regarding a control series treated 
in another manner, howevei, the figuies appear to be stnkingly good 
He quotes Banyai and others who have previously obtained good results 
with the method 

Another form of physical treatment which is reported is the use of 
artificial fever in ulcerative colitis Ferguson, Fetter and Schnabel 
treated 4 patients with the Kettering hypertherm In each instance they 
maintained a temperature of from 104 to 105 F for two and'one half 
hours three times a week Each patient received from seven to twelve 
treatments The authors feel that they obtained good clinical improve- 
ment by this method and that the proctoscopic picture showed a corre- 
sponding change toward the normal It seems probable that such 
results, if obtained consistently, are similar in charactei to those claimed 
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by the enthusiastic supporters of so-called specific serum therap} Nor 
must it be forgotten that spontaneous remissions are characteristic of 
the disease 

The more purely medical forms of treatment vary considerably m 
their originality At least four papers have appeared on the use of 
aluminum compounds Eyerly and Breuhaus advocate strongly the 
use of aluminum silicate (kaolin) and of aluminum h}droxide m ulceia- 
tive colitis, claiming that the action of these substances is twofold 
(1) to remove bacteria mechanically and (2) to remove toxins by 
adsorption These actions were originally demonstrated for kaolin b}^ 
Braafledt, in 1923 Crohn, in 1929, showed that aluminum hydroxide 
could effectively be used as a substitute for other alkaline substances 
in the treatment of peptic ulcer Smith prepared a mixture of 20 
per cent aluminum silicate and 2 5 per cent aluminum hydroxide sus- 
pended in water Fecal suspensions were placed m graduated cylinders 
at 37 C (1) alone, (2) with 3 Gm of kaolin and (3) with 3 Gm of 
the mixture of kaolin and aluminum hydroxide Bacterial counts which 
were made at intervals revealed that the mixture of kaolin and aluminum 
hydroxide was about five times as effective as kaolin alone in adsoibmg 
or in inhibiting the gro^vth of bacteria Fradkin used approximately 
such a mixture as an enema for the relief of local symptoms in a case 
of ulcerative colitis He employed an enema consisting of 20 per cent 
kaolin (aluminum silicate), 10 per cent liquid petrolatum and 70 pei 
cent aluminum hydroxide gel and introduced 10 ounces (300 cc ) three 
times a week He feels that the patient received definite relief 
Emery however, advises against the wholesale use of adsorbants, 
because of the danger of adsorbing vitamins and because he thinks the 
adsorbants are likely to dry in the colon, a risk which he feels need not 
be considered in ulcerative colitis He considers that neither kaolin nor 
barium sulfate should be used m cases of diverticulitis, because of the 
danger of perforating the diverticulum Without adequate supporting 
data, the question arises as to whether such objections are not rather 
academic 

The use of apple powder in the treatment of acute diarrhea has 
1 eceived some attention Manville outlines rather extensively the 
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rationale for the treatment Appaiently he feels that the colloid hygio- 
scopic action of pectin is capable of adsoibing large numbers of bac- 
teiia, but he also feels that uionic acid, which apples contain in amounts 
up to more than 1 per cent, is an important factor He says that mucus 
IS composed of a protein fraction and a carbohydiate fi action, the latter 
being glycuronic acid, which can be synthesized fiom the uronic acid 
contained m apples Hence, the failure of mucous secretion associated 
with vitamin A deficiency may be in part overcome by the feeding of 
uionic acid It might be assumed that the overproduction of mucus in 
acute diarrhea could be prevented in part by similar therapy 

Another form of tieatment for diarrhea based on restoring the 
intestinal mucus is that suggested by Goth After the wmik of Felix, 
who demonstrated the presence of an enzyme, histaminase, in an extiact 
of dried intestinal mucus (“torantil”) Goth attempted the use of the 
extiact m the treatment of intestinal “allergy” He concludes that 
lelief should be afforded by either of the following mechanisms 

1 Prevention of the formation of histamine 

(а) Removal of allergens 

(б) Desensitization to alleigens 

2 Minimization of the histamine effect 

(a) Accustomization (histamine feeding) 

(h) Destruction (by extract of diied intestinal mucus) 

He feels, of course, that the piepaiation of dried intestinal mucus 
acts by destruction of histamine in situ through its enzyme activit) 
The woik is published with no statistical data and with no clinical evi- 
dence for the statement that the patients Avere in fact suffering from 
intestinal allergy If the finding of histaminase by Felix is correct, 
then Goth’s therapeutic attempts aie lational and of great theoretic 
inteiest and should be repeated in a moie thorough manner 

Reverting to the subject of Hii schsprung’s disease, Reeves and Hai- 
iison report on the effect of the administiation of pancreatic extract 
Craven, in 1934, introduced the tieatment on the theory that extract of 
pancreatic tissue is a parasympathetic stimulant She had demonstrated 
that It has an immediate effect on the intestines of the guinea pig 
Reeves and Harrison used the Shaip & Dohme preparation of panel eatic 
tissue in acid alcohol They gave doses up to 3 cc daily and show the 
roentgenograms taken in 3 cases m which there was sti iking impiove- 
ment They say that they obtained striking impiovement in 6 of 8 
patients who leceived this tieatment 

255 Goth, A Ueber die Behandlung der Kolitis nut Torantil, Deutsche med 
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Porphynne und Porphyrmkrankheiten B> A Vannotti, M D , o£ the Uni- 
versity Clmic, Bern Price, 27 marks Pp 286, with 6^ illustrations Berlin 
Julius Springer, 1937 

This IS an unusually interesting book and deals with a subject r\hich is of 
considerable clinical interest It is divided into ten chapters, the first se\en are 
devoted to the porphyrins, their chemical composition, their importance in biologj' 
and their relation to pigment and iron metabolism in general The eighth and 
ninth chapters deal with the clinical manifestations of porphyria and their treat- 
ment The tenth chapter is concerned with methods and describes how porphyrin 
may be quantitatively measured in blood, urine and bile 

The monograph as a whole emphasizes the importance of differentiating between 
normal and abnormal porphyrin metabolism The author designates the latter 
porphyria He discusses the cutaneous, abdominal and nervous manifestations 
that may be induced by abnormal porphyrin metabolism In the chapter on treat- 
ment he discusses what may be attempted in the light of current knowledge and 
leaves one with the feeling that much more is now understood about porphyria 
than was clear a few years ago While therapeutic methods to combat this dis- 
order are bj’' no means wholly successful, it is possible at least to control porphyrin 
metabolism to a certain extent, to mobilize the deposit of porphyrin m the bones and 
to stimulate its excretion through the kidnej's in several ways 

At the end of each chapter is a comprehensive bibliography In glancing through 
the references one obtains the impression that comparatively little significant work 
on porphyrin metabolism has been accomplished in this country, the vast majority 
of the references are either to the German or the English literature The book 
as a whole is well and interestingly written It deserves recognition 

Dextrose Therapy in Everyday Practice By E Martin, ScD Price, ^3 
Pp 451, with 44 illustrations New York Paul B Hceber, Inc , 1937 

This book presents a survey of the clinical and experimental investigations 
which were reported between 1900 and 1936 concerning the role of dextrose in 
normal and abnormal physiologic conditions and its use as a therapeutic agent 
The material is exceedingly well organized and is clearly and concisely presented 
in a practical and usable manner After a short historical introduction the chem- 
istry of dextrose is discussed, followed by an excellent chapter on its “physiologic 
action ” The author then considers dextrose therapy m diseases of the various 
sj^stems of the body (gastrointestinal and cardiovascular) , in metabolic, deficiency, 
allergic and infectious diseases, in pregnancy, and in surgical conditions A 
separate chapter is devoted to each group of disorders , the sj^mptomatology and 
pathologic physiology are discussed and the rationale for and therapeutic value 
of the administration of dextrose are indicated The final chapter deals with the 
modes of administration of dextrose An extensive bibliography is appended to 
each chapter, amounting in all to over two thousand references Although 
numerous statements in the book are controversial and at times dextrose therapy 
appears in the light of a universial panacea, the monograph is exceedingly valuable, 
summarizing m a practical way the present status of knowdedge of the importance 
of dextrose in bodily economy and in therapy 

Neurology Bj Roy R Gnnker M D Second edition Price, SS 50 Pp 999, 
vith 406 illustrations Springfield, 111 Charles C Thomas, Publisher, 1937 

As a textbook for students this ^olume should rank high, as the subject matter 
IS arranged to meet the requirements of the students in an tmderstandable ^\a^ 
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In a textbook on neurology, like one on psychiatry, it is a difficult problem to 
keep up with the times, as no branches of medicine are receiving more attention 
and more contributions fiom scientific minds than are neurology and psychiatry 
This is true especially in the line of therapy On perusing the different chapters of 
this book and noting the many changes necessary since the issue of the first edition, 
one must conclude that as an up-to-date textbook it can be recommended The 
author has reviewed the recent literature rather thoroughly on the subjects which 
have attracted those who have given the most time to research The chapter 
devoted to the extrapyramidal motor system, as evidenced by the number of refer- 
ences at the end of the chapter, is a good example of the attention gnen that 
subject within the past few years, which has shown the interpretation of the 
pathologic picture of the disease through clinical demonstration The illustrations 
are well arranged and instructive 

Neuere Ergebnisse au£ dem Gebiete der Krebskrankheiten B}" Prof Dr 
C Adam and Prof Dr H Auler Puce, 12 marks Pp 366, with 66 illus- 
trations Leipzig S Hirzel, 1937 

Forty-seven prominent German authors have collaborated in the presentation of 
this volume on the subject of carcinoma The purpose of the compilation is an 
exposition of the more recent concepts and the more advanced studies on cancer 
Each of the various phases of carcinoma is considered in a separate article by an 
author interested in that particular aspect of the problem 

Professor Dietrich, in discussing the relation of trauma to the development of 
carcinoma, expresses the view that there has been a tendency to stress this unduly 
He states that there are several factors that must work together for the production 
of tumor, namely, (1) disposition, (2) tumor anlage (embryonal) and (3) cell 
mutation According to Professor Schultz, the cachexia associated with carcinoma 
IS the result of autointoxication, due either to break-down products or a secre- 
tion of the carcinoma cells The bluish stippling of the red blood cells observed 
in some cases of cancer is accordingly a manifestation of toxic degeneration 

Professor Frik states that, in contrast to most American surgeons, Germans 
prefer postoperative rather than preoperatne roentgen therapy in the management 
of carcinoma of the breast Of interest in this regard is the statement by Pro- 
fessor Buetzur that there is no danger of metastasis as a result of biopsy Pro- 
fessor Braun sounds a disconsolate note m his excellent summar 3 ' of the recorded 
observations on carcinoma of the liver and pancreas The interesting analysis of 
1,301 cases of rectal carcinoma by Professor Bench is especially noteworthy 
Whereas the obtaining of a five year cuie in 10 per cent of the cases may appear 
encouraging, his statement that 75 per cent of all plij'sicians coming to tlie surgeon 
have inoperable lesions is most discouraging 

Other articles consider carcinoma of the skin, lungs, prostate and other organs 
and regions These give, in general, good summaries and reviews, with expressions 
of the authors’ impressions and a consideiation of German opinions 

Eksperimentelle studier over occlusionsicterus By Orla Vadsten Pp 288, 
with 19 figures and an English summary Copenhagen Nyt Nordisk Forlag, 
Arnold Busck, 1936 

This interesting dissertation is based on rat experiments done at the Institute 
for Hygiene of the University of Copenhagen and contributes substantially to the 
knowledge of the abnormal physiology of the obstructive jaundice produced by 
cutting the ductus choledochus between ligatures The author considers the ques- 
tion as to which is more important in this condition, (1) the disturbance of diges- 
tion and absorption that results from the exclusion of bile from the intestine or 
(2) the disturbance directly produced in the rest of the body by the bile pigments 
and bile salts circulating in the body fluids His experiments confirm the sus- 
picion, based on a thorough review of previous work, that the consequences of 
obstructive jaundice are primarily digestive and absorptive 
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When kept on a standard diet, rats with obstructue jaundice showed no signs 
of avitaminosis D, and the only sign^of avitaminosis A was chronic colpokeratosis 
Such rats were more resistant than normal rats to toxic doses of vitamin D given 
by mouth, but not to vitamin D given subcutaneously They did not gam in 
weight if vitamin A was added to the food, but they did if vitamin A was given 
subcutaneously When rats with obstructive jaundice were kept on a special diet 
shown to be adequate for normal rats, severe xerophthalmia developed Of the 
337 rats in which obstructive jaundice was produced, 20 5 per cent had “cholemic” 
hemorrhages, certain data indicate that the bleeding was associated with reduced 
absorption of vitamin D Other results and control procedures which cannot 
be summarized here are described in the detailed English summary The bibliog- 
raphy shows a thorough knowledge of lecent American work 


Pneumatiseringen og de bestaaendelsesagtige forandnnger i processus 
mastoideus ved mellem^resuppuration, en kliniksk-roentgenologisk 
studie By Kurte Broste, M D 

This roentgenologic study of pneumatization of the mastoid and of changes 
observed associated with suppuration of the middle ear was presented by Dr 
Broste as a thesis for the degree of Doctor of Medicine at the University of 
Copenhagen One hundred and thirty-four patients were examined along with 
their clinical histones It was hoped that such an associated examination would 
correlate diseases of the middle ear with the changes in the mastoid 

His basic hypothesis was that the degree of mastoid pneumatization is dependent 
on the vitality of the epithelium of the tympanic cavity and, therefore, that 
the anatomic development of the mastoid is to be considered as a function of the 

character of the mucous membrane of the middle ear and that diseases in the 

middle ear and in the mastoid might therefore be expected to show a correlation 
He accepts Wittmaack’s classification of three chief variants in the muco- 
periosteum of the ear — mesoplastic or normal, hyperplastic and fibrinous His 
studies, however, did not support the hypothesis that a special variety of mastoid 
occurs with either the fibrinous or the hyperplastic type Suppuration of the middle 
ear with a mesoplastic mucosa may be expected to run a favorable course But 
he was not able to determine definitely a special part played by these variants m 
pneumatization or on the outcome of mastoiditis 

He sought for a definite picture associated with sinus thrombosis or perisinus 
abscess, but such could not be determined Distortion of the contour of the 

lateial sinus he found to be an untrustworthy guide, since the normal sinus does 

not always show sharply defined walls 

Though he expresses regret that he was unable to establish any relation between 
the type of pneumatization and any definite tendency toward complications of the 
various types, his study is of v^alue because of the variety and significance of 
the individual cases 


Expenmentelle Untersuchungen uber das Blut und die blutbildenden 
Organe besonders das lymphatische Gewebe des Kaninchens bei 
wiederholten Aderlassen By Helge Sjovall Pp 308, with tables and 
charts Lund Haikan Ohlssons Buchdruckerei, 1936 

This v'olume represents an original contribution to the hematologic literature 
and was “primarily intended to clarif}'- the part played by the liTOphatic tissue, and 
especially the secondary nodules, in lymphocyte production ” Rabbits made anemic 
by repeated bleeding were used as test animals Many data were obtained, not 
only on hematologic factors but regarding b'mphatic structures as well Results 
speak against the secondar}’- nodules as mam centers of formation of lymphocytes 
and for the hypothesis of lymphocytic circulation, with movement from the 
Ijmphatic tissue through the blood to the body tissues and back again 

While the bock seems undulv long for a report of the studies carried out, 
one must commend the completeness of the data giv^en Profuse illustration vvuth 
charts and tables covers all details of the investigation, including the values of 
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statistical analysis The thoroughness and accuracy of the observations are imme- 
diately evident The volume, however, will interest a small group only The 
practitioner will find in it little or nothing to attract his attention It is of value 
primarily to the research pathologist and hematologist 

Der Myokardmfarkt Erkennung, Behandlung und Verhutung By Prof 
Max Hochrein, M D , Chief of Medicine in the University Clinic, Leipzig 
Price, 12 SO marks Pp 196, with 52 illustrations Dresden Theodor Stein- 
kopff, 1937 

This book, representing the first of a senes on the circulation, considers myo- 
cardial infarction from the standpoint of diagnosis, management and prevention 
One is introduced to the important aspects of the anatomy of the coronary system 
first and then to the problems of physiology and pathologic physiology In this 
way the hemodynamics of the coronary system are made a basis for an understand- 
ing of the superstructure, the clinical aspects of coronary occlusion Particularlj 
emphasized in this connection are the analysis of the symptoms, the diagnosis, 
including electrocardiographic localization, the differential diagnosis and the 
treatment 

The work represents an excellent short review of those aspects of coronar\ 
disease of greatest interest to the practicing physician Controversial and theoretic 
considerations are reduced to a minimum, leaving for die reader a clear but brief 
exposition of the necessary facts Another important feature of the book is the 
breadth of the literature included in its preparation American works are well 
represented and are incorporated with European views in the problems of patho- 
genesis and diagnosis 

An extensive bibliography is appended 

Die inneren Erkrankungen im Alter By Albert AIuIIer-Deham, MD Puce, 

24 marks Pp 408 Berlin Julius Springer, 1937 

Without doubt the medical problems of old age will become increasingly impor- 
tant as the average span of life is prolonged Iiloreoier, old persons prefer to 
live comfoitably and to remain active as long as they can, hence how best to 
manage effectually the latter years of life is an important medical problem 

This volume is a textbook on disease as it appears m elderly persons The 
author points out that elderly persons react differently to illnesses than do jounger 
ones, cancer, diabetes, the anemias, pneumonia, for example, all are likely to 
develop in older persons, to respond differently to treatment than in joungei 
persons and to require different management The cost of surgical treatment is 
greater in the old person than m the young, not only because convalescence after 
an operation is longer but also because there is less time left for postoperative 
accomplishment Hence, when and how to operate on old persons requires a 
special kind of surgical judgment 

All such matters and many more are discussed m this book On the whole, it 
presents an interesting point of view on an interesting phase of medicine While 
a textbook of this character is not likely to be widely read, it is a stimulating 
reference work It is worth having on the shelves of any medical librarj" 

Normale und pathologische Physiologie der Bewegungsvorgange im 
gesamten Verdauungskanal Vol 2 By Prof Dr Med Werner Catel 
Price, 15 marks Pp 298, -with 123 illustrations Leipzig Georg Thieme, 
1937 

This is the second volume of Professor Catel’s thorough work on the motility 
of the digestive tract The present instalment is in two parts, the first takes up 
clinical pathology Under such heads as the pathology of swallownng, esophageal 
spasms and dilatations, pyloric spasms, dilatation of the stomach and so on down , 
the digestive tract The last section is on pharmacology and deals with the influ- 
ence of the various common drugs in this domain The book is handsomely printed, 
with many excellent illustrations and diagrams as w^ell as an extensive bibliography 
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In cases of congestive heart failure, vaiying degiees of passive 
congestion of the hvei univei sally occur fiom the resulting stasis in the 
poital cnculation Chionic passive congestion of the hvei becomes 
evident when heait failuie becomes protracted or fiequently recuiient 
At times the liver increases enoimously m size, so that it i caches the 
level of the umbilicus or even lower Not infrequently the degree of 
poital stasis is disproportionate to the stasis in the systemic circulation, 
piobably owing to the fact that a greater degiee of obstruction to the 
blood flow fioni the hepatic veins occurs than to that m the mfeiior 
vena cava Likewise, the capillaiies of the poital system aie possessed 
of a, 1 datively high degree of peimeability 

The effects of chionic passive congestion on the liver have been the 
subject of much contioveisy foi nearly a century, the issue involved 
chiefly cbnceining the production of hepatic ciiihosis Becquerel,^ m 
1840, was the fiist to express the opinion that chionic passive congestion 
lesulting from caidiac failuie produces hepatic cirrhosis The influence 
of his woik was quite far reaching and fostered adoption of the term 
cm hose cmdiaque This belief received the suppoit of Rokitansky- 

From the Section on Caidiology, the Mayo Chmc 

This investigation»was made while Dr Boland was Fellow in Medicine at the 
Mayo Foundation, Rochester, Minn 

The pathologic investigation m this study was made by Dr Boland under the 
diiection of Dr H E, Robertson, of the Section on Pathologic Anatomy, the 
Mayo Foundation, in partial fulfilment of the requirements for the degree of 
Master of Science in Medicine Clinical correlations and the discussion, together 
with reorganization of the material, are the work of Dr Willius 

1 Becquerel, A Recherches anatomico-pathologiques sur la cirrhose du foie, 
Aich gen de med 53 40-79 (May) 1840 

2 Rokitanskj', C A Manual of Pathological Anatomy, London, C & T 
Adiard, 1849, toI 2 
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(1849) and Henle^ (1844) Budd"* (1857) obseived that the size of 
the Iivei in certain cases of chionic A’^alvular disease ^\as decreased, but 
he was unwilling to accept this as the lesult of heait failure alone He 
stated the belief that these changes in the In^ei occur onl) in cases in 
which spirits have been used excessively and that these indiscietions 
inciease the vulnei ability of the oigan to the influences of chronic 
stasis Budd’s views weie championed by Monneret ® (1852) and b} 
Bambergei (1855) The liteiatuie of the ensuing }ears contained 
mail} conflicting opinions " 

In 1883 Sabourin ® published his classic woiK on chionic passive 
congestion of the livei He cleail}' implied that he favored the concept 
that hepatic cirrhosis lesults fiom caidiac failuie He found that the 
degeneiative processes as they occui in cases of chionic congestive 
heait failuie lesult in capillaiy dilatation and tiabeculai atrophy It 
was in these zones of atiophy about the cential lem that he found the 
new connective tissue to be foimed fiist tie said he lieheved that the 
sequence of events leading to sclerosis depends on a thickening and 
contraction of the stiands of connective tissue uhich line the spaces 
about the central veins, this thickening and condensation eventuallv 
leading to the stage of cential ciiihosis He stated that this type of 
ciuhosis IS easily recognizable, because it connects cential vein to 
cential vein or sublobular vein and thus enciicles the hepatic tissue of the 
peiipheral portion of adjacent lobules Such an airangement produces 
an appaient leveisal of the usual older, the poital s\stem at times 
being in the centei of the lobule Saboiu m’s vieu s on the pathogenesis 
of these changes are well exemplified in the following quotation 

3 Henle, cited by Rolleston, H, and McNce, T W Diseases of the Lner, 
Gall-Bladder and Bile-Ducts, Ne\^ York, The Macmillan Companv, 1929 

4 Budd, G On Diseases of the Lner, cd 3, Philadelphia, Blanchard 6L 
Lea, 1857 

5 Monneret, cited by Pier} 

6 Bamberger, cited by Pierv 

7 (cr) Cornil, V, and Rainier, L A Manual of Pathological Histology, 

hanslated by E O Shakespeare and J H C Simes, Philadelphia, Henry C Lea 
1880 (&) Ferricks, cited by Pieryio>' (c) Forster, cited by Pieryioi> (rf) Fre- 

richs, FT A Clinical Treatise on Diseases of the Liver, London, The New 
Sydenham Society, 1861, vol 2 {e) Green, T H An Introduction to Pathol- 

ogy and Morbid Anatomy, ed 5, Philadelphia, Henr^ C Lea’s Son & Co , 1884 
if) Jones, H , cited by Talamon {g) Klebs, cited by Talamon (/i) Legg, 
W, cited by Talamon (i) Liebermeister, cited by Piery (j) Murchison, 
C Clinical Lectures on Diseases of the Liver, Jaundice and Abdominal Dropsi, 
ed 3, London, Longmans, Green & Co, 1885 ik) Rendu cited by Piery i®’* 
(/) Rindfleisch, cited by Talamon (,„) Talamon, C Contribution a I’etude 
de la sclerose hepatique d’origme caidiaque. Rev de med. Pans 1 273-296, 1881 

8 Sabounn, C La cirrhose du SA^steme sus-hepatique d’origine cardiaque. 
Rev de med , Pans 3 521-535, 1883 
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It IS sufficient loi us to know that there is blood stagnation pioduced by cardiac 
affliction and that this stagnation produces capillary trabecular atrophy and finally 
sclerosis, and all in a leiy systematic manner prevailing oier the hepatic lencus 
leiiitorj, such as Me understand it 

Parinentiei in 1889, leported the first experimental woik on chronic 
passive congestion of the liver He produced chionic engoigenient of 
the livei 111 animals by bringing about tricuspid i egurgitation He was 
not, hoMever, able to produce hepatic cirrhosis m his expeiimental ani- 
mals by this method The contemporaiy liteiature contains other ref- 
eiences antagonistic to the tenets of the existence of caidiac cirrhosis 

Lambert and Allison, m 1916, leviewed 112 cases of chronic passive 
congestion of the livei They divided then cases accoidmg to five 
types as follovs In the first type theie was piincipally capillary dila- 
tation Mith atioph} of the cential cells, m the second type, central 
degeneiation vith oi without congestion, in the third type, a cential 
accumulation of fat nith midzone hyperemia or necrosis, m the fouith 
t}pe nhat nas desciibed as cential neciosis, usually associated with 
hemoiihages, and in the fifth type, “collapse fibrosis,” a condition which 
they concluded nas identical with caidiac ciirhosis Of the last type of 
case they found lepoits of only 16 instances (14 2 pei cent), the condi- 
tion occuiimg only in the presence of chionic heart failure 

Ophuls,’-- m 1926, found in 166 cases of ciiihosis of the livei 
occuiimg 111 3 000 neciopsies only 22 in nhich the condition was typical 
of cardiac ciirliosis, this lepiesents an incidence of about 0 7 per cent 

9 Parmentier, cited bj'- Rolleston, H, and McNee, J W- Diseases of the 
Lnei, Gall-Bladdei and Bile-Ducts, Ncm*^ York, The Macmillan Company, 1929 

10 (o) Bolton C The Pathological Changes in the Liver Resulting from 

Passive Venous Congestion Experimentally Pioduced, J Path & Bact 19 
258-264, 1914-1915 (Z?) de Se-vedavy, J, cited by Pierj’-^oii (^c) Frothingham, 

C, Jr Cronic Passu e Congestion of the Liver, Arch Int Med 5 1-5 (Jan) 
1910 (d) Hanot, V La cirrhose Iwpertrophique avec ictere chromque. Pans, 

Rueft & Cie, 1892, (ii) La cirrhose de Budd, Arch de med 1 3-20, 1899 (/) 

Plutchison, R , and Le\ y Simpson, S Occlusion of the Hepatic N ems with 
Cirrhosis of the Lnei, Arch Dis Childhood 5 167-186 (June) 1930 (p) Oertel, 

H lilultiple Non-Inflammatori^ Necrosis of the Liver with Jaundice in Chronic 
Cyanosis, Arch Int Med 6 293-300 (Sept) 1910 (/i) Piery, M Pathogenic 

cie la Cirrhose cardiaque Stase sanguine et sclerose du foie, Arch gen de med 
2 582-613 and 714-744, 1900 (i) Rossle, R, cited by Albot, G Hepatites et 

cirrhoses Classification, pathogenese et morphogenese des hepatites diffuse aigues, 
subaigues et chromques d’apres les notions recentes sur la physio-pathologie hepato- 
bihaire. Pans, Masson & Cie, 1931 (;) Salaman, R N The Pathology of 

the Luer in Cardiac Disease and Its Clinical Lessons, Lancet 1 4-7 (Jan 5) 1907 

11 Lambert, R A, and Allison, B R Types of Lesion m Chronic Passive 
Congestion of the Lner, Bull Johns Hopkins Hosp 27 350-356 (Dec) 1916 

12 Ophuls, V' A Statistical Surverj' of Three Thousand Autopsies, Stan- 
ford Unnersih, Caht , Stanford Umversit} Press, 1926 
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He defined caidiac ciiihosis as “advanced cyanotic atiophy of the Inei 
with development of consideiable new fibrous tissue” 

Moschcowitzd® in 1937, advanced the idea that ciiihosis of the 
livei occtiiiing with chronic heait failuie is the result of increased 
lenous piessure within the hepatic aiea 

In 1930 Zimmeiman and Hillsman^* published convincing experi- 
mental data indicating that hepatic cirrhosis may result fiom severe 
chionic passive congestion The}'' pioduced paitial obstiuction of the 
thoiacic portion of the infenor vena cava in dogs b} means of an 
aluminum band 

Boles and CIaik,^“ in 1936, found hepatic ciirhosis of all t}pes in 
6 per cent of 4,000 necropsies and stated that cardiac ciirhosis vas the 
thud most common type 

The present day French view of cu)}w<;c cmchaqnc nas expiessed 
as foIloAVS by Rotiss}’’, Leroux and Oberling m 1933 

If the process of chronic passive congestion is prolonged, the picture becomes 
complicated by a process of regeneration of hepatic tissue which progresses to 
the production of exubeiant nodules, and an adenomatous appearance is produced 
By proliferation of connective tissue about the cential lobular ^eln and around 
the hypertrophic islands of tissues, the suifacc becomes irregularly granular and 
hardened The liver shrinks On macroscopic section the area is separated cleanly 
into pale yellow regions on a background of Iner, which is hardened and con- 
gested That lesion corresponds to the cm hose catdiaque 

Roussy and his associates emphasized the fact that there aie two primary 
views legarding the pathogenesis One consideis venous stagnation as 
the etiologic agent, and the othei consideis additional influences, such 
as infection and toxemia, as the etiologic agent 

arATERIAL 

The basis of this study w'as 75 cases of caidiac disease in which prolonged 
single or multiple episodes of congestive heait failure had occurred Cases of 
congestive failure of short duration w^ere excluded, as cardiac cirrhosis is not 
encountered in such instances This fact was determined m a review' of 500 

13 Moschcowitz, E Hypertension of the Pulmonary Circulation Its 
Causes, Dynamics and Relation to Otliei Circulatory States, Am J il Sc 174 
388-406 (Sept) 1927, Phlebcsclerosis of the Hepatic Veins as Associated with 
Chrome Passive Congestion of the Liver and Cardiac Ciirhosis (Pieliminary 
Report), in Contributions to the Medical Sciences in Honor of Dr Emanuel 
Libman, New York, International Press, 1932, vol 2, pp 857-875 

14 Zimmerman, H M , and Hillsman, J A Chronic Passive Congestion of 
the Liver An Experimental Study, Arch Path 9 1154-1163 (June) 1930 

15 Boles, R S , and Clark, J H The Role of Alcohol m Cirrhosis of the 
Liver A Clinical and Pathological Study Based on Four Thousand Autopsies, 
J A M A 107 1200-1203 (Oct 10) 1936 

16 Roussy, G , Leroux, R , and Oberhng, C Preces d’anatomie pathologique. 
Pans, Masson & Cie, 1933, vol 1 
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unselected cases (Dr Boland^") cf chronic passive congestion of the liver 
Microscopic studies of the liver were made in each case by one of us (Dr Boland), 
sections being stained with hematoxylin and eosin and by the Van Gieson method 
Manj'' sections were also stained bj' the Mallory-Heidenhain and Perdrau technics 
Edema of the dependent portions of the body was necessary before the patient 
was considered as having congestive heart failure The onset of failure was 
determined as accurately as possible from the first appearance of the edema 
(table 1) 

Most of the principal forms of heart disease were represented in the etiologic 
array responsible for the congestive heart failure (table 2) 

Table 1 — Single and Multiple Episodes of Congestive Heait Faduic 


Single Episode, Duration of Failure, Months No of Cases 

4 5 13 

6 7 13 

8 9 S 

1011 2 

12 + 11 

Total 47 

Multiple Episodes, Number of Episodes 

2 4 17 

5+ 11 

Total 28 


Table 2 — Causes of Congestive Failuie 


Hypertensive heart disease 
Coronary and hypertensive heart disease 
Hypertensive heart disease and coronary thrombosis 
Hypertensive heart disease and exophthalmic goiter 
Severe coronary sclerosis "with extensive myofibrosis 
Coronary thrombosis 

Rheumatic mitral stenosis (vfith or without mitral insufBciency) 

Rheumatic mitral stenosis with defects of aortic valve 

Rheumatic mitral stenosis with defects of aortic and tricuspid valves 

Rheumatic mitral stenosis with adherent pericarditis 

Rheumatic tricuspid stenosis 

Calcareous (rheumatic) aortic stenosis 

Adherent pericarditis 

Syphilitic aortitis and aortic insufficiency, aneurysm 
Pulmonary emphysema 
Patent foramen ovale (huge) 


No of Cases 

S3 

1 

5 

1 

3 
2 

10 

4 
1 
1 
1 
4 
1 
3 

O 

O 

2 


Total 


The ages of the patients ranged from 5 to 85 years, the average age being 
55 6 years Eighty-seven per cent of the patients were between the ages of 40 
and /O There were 56 males and 19 females, a ratio of 3 1 

The clinical history, ph 3 ’^sical findings, hospital records and laboratory data 
were studied in each case, and an attempt was made to correlate these findings 
with the pathologic changes in the liver 


GROSS EIKDINGS 

Ascites occurred in 89 3 per cent of the cases in which theie was a 
single episode of congestive heait failme and in 82 1 per cent of those 


17 Boland, E W Unpublished data 
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in winch theie were multiple episodes The incidence of acites in the 
whole group n as 86 6 per cent Icterus \\ as pi esent at some time 
during the attack of failuie m 12 7 ^lei cent of the cases m which theie 
was a single episode and m 17 S per cent of those m nlncli there nere 
lepeated episodes of caidiac failure The incidence of icteius in the 
entn e series was 14 6 pei cent 

The average weight of the hvei in cases of one piotracted episode 
of congestive heait failure vas 1,799 Gm , the estimated noimal a\ eight 
for this group being 1,764 Gm The a\eiage v eight of the Iner in 
cases of lecurrent attacks was 1,608 Gm , the estimated noimal for this 
group being 1,674 Gm 

HISTOPATHOLOGIC OBSLRVATIOAS 

Accoidiiig to the histopathologic obsenations the cases nia} be 
classified m thiee general groups (1) a group of cases m which theie 
was atrophy oi necrosis oi both m the hepatic lolnile vithout evidence 
of condensation of leticulum oi cnrhosis, (2) a giotip of cases m 
which theie vas atrophy oi neciosis togethei vith condensation of 
reticulum and thickening but without cinhosis and (3) a gioup of 
cases in which there was actual hepatic cirrhosis 

Group 1 — Thirty-se\en (49 pei cent) of the 75 cases belonged m 
the first gioup (table 3) The micioscopic changes m these cases were 
similar to those geneiall}'' described as occuiiing m chionic passive 
congestion of the livei The atioph) oi necrosis w as alw ays most marked 
in the cential third of each hepatic lobule, especiall} immediately adjacent 
to the central vein The degeneiation deci eased m degiee toward the 
peripheiy of the lobule In some cases a variable degiee of neciosis was 
apparently supei imposed on the atrophic cells of the cential poition of 
the lobule When necrosis predominated in the cential poition of the 
lobule, the hepatic cells suiiounding the neciotic aiea usuall} showed 
some degiee of atiophy In many cases the degeneiation extended 
from central ^em to cential A-^ein, gning the appeal ance of ie\ersed 
lobulation The degree of degeneiation w^as Aaiiable In 6 cases theie 
w^as only a minimal amount of cential atrophy In 26 cases theie w^as a 
moderate to marked degree of atiophy m the cential thud of the lobule, 
with a decreasing amount of atiophy in the middle and peiipheial rones 
Maiked necrosis of the central cells wnth atiophy m the peiipheral cells 
was present in 3 cases In 7 cases theie w^as marked atiophv of the 
cells of the cential poition of the lobule wnth supei imposed neciosis 

(fig 1) 




Fig 1 — Atrcphj or necrosis without condensation of reticulum or cirrhosis 
A, a mild degree ot central atrophj- , B, a moderate degree of central atrophy, 
and C, severe cential necrosis 
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Group 2 — The second group consisted of 33 cases (44 pei cent) 
In these there Avas evidence of condensation of leticuluin in the degen- 
erated areas (table 4) This condensation was always most marked in 
the degenerated aieas and seemed to var}'^ propoi tionately to the degree 
of degeneiation present HoweA^ei, as was obseived in the pieceding 
gioup, maiked degeneiation might occur without a condensation of 
leticulum The condensation appealed to lesult from the collapse of 
the cential portion of the lobule as a lesult of the destruction of the 

Table 3 — Gioup 1 Cases m Winch Thcic Was Atiophy o> Ncoosis oi Both 
VI the Hepatic Lobules Without Othci Changes 


Single Episode, Duration of Pallurc, Montlis ^o of Cases 

4 5 C 

0 7 9 

8 9 G 

1011 2 

12+ 9 

Multiple Episodes (Number) 

2 4 3 

3 + 2 


Total 


37 

(49'^ of series) 


Table 4 — Gioup 2 Cases in Which Ihcie IP as Atiophy or Ncciosis Together 
with Condensation and Thtclcmng of Reticulum 


Single Episode, Duration of Eailure, Months No of Cases 

4 5 C 

0-7 4 

8 9 1 

1011 0 

12+ 2 

Multiple Episodes (Number) 

2 4 11 

5+ 0 

Total 33 


(44% of senes) 


hepatic cells in that legion Close obseivation of the leticulum fibeis 
revealed that they actually appealed thickei than noimal This was 
particulaily well shown ivlien the sections weie stained by the Van 
Gieson and Perdrau methods Rei^eise lobulation to some degiee could 
be demonstrated in every case in this gioup The lei'-erse anangement 
Avas most distinct in cases of pionounced condensation of leticulum 
In some legions the condensed leticulum extended so distinctly fiom 
cential vein to central A^ein that a definite band of fibers could be 
seen surrounding the peiipheial zones of the remaining hepatic tissue, a 
portal ladicle being located in the center of this appaiently leversed 
lobule 







Fig 2 — Condensation and thickening of reticulum but without cirrhosis A, 
a mild degree of condensation of reticulum (hematoxylin and eosin stain) , B, a 
moderate degree of condensation of reticulum (note the reversed lobulation and 
thickening of reticulum [Van Gieson stain]), and C, a moderate degree of con- 
densation and thickening of reticulum (Perdrau stain) 
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The degiee of condensation and thickening of the reticulum A'aiied 
in this gioup In 21 cases the condensation \\as not pronounced, in 7 
cases it was moderate and m 5 cases it was maiked Cases of moderate 
and maiked degiees of condensation would probably be classified bj 
some investigators as cases of caidiac cirrhosis However, with caieful 
study of the sections, no fibiotis tissue prohfeiation was found but 
lathei only condensation and thickening of pieexisting reticulum fibeis 
For this leason, such cases should be designated as demonstrating 
condensation of leticulum lesulting fioni chronic passne congestion 
lather than being classified as cases of tiue cirihosis (fig 2) 

Group 3 — In 5 cases (7 pei cent) of the senes theie ivas tiue 
hepatic cirrhosis (table 5) 

In these 5 cases theie iveie maiked degeneiation of the cential poi- 
tion of the lobules and condensation of reticulum Reierscd lobulation 


Table S — Gioup 3 Cases of Tnic Hepatic Cmhosis as a Result 
of Caidtac Dccouipciisatioii 


Single Episode, Duration of Pnllure 3IontIis 

No of Cases 

i 5 

1 

G 7 

0 

8- 9 

1 

1011 

0 

12+ 

0 

Multiple Episodes (Number) 

24 

0 

5+ 

i 

Total 

5 

(7% of senes) 


ivas prominent There appealed to Iiaie been almost complete destiuction 
of entire lobules in ceitain scatteied aieas E\tensne collapse of the 
necrotic regions evidently occuiiecl. and poital radicles appealed to 
haie been caught in the massne coalescence In these legions fibious 
tissue proliferation had occuired and fibroblasts could be identified bi 
the oil immersion method In addition, the normal ai chitectural aiiange- 
ment of the livei ivas disiupted, and an increase m the numbei of 
lymphocytes was seen in some of the fibiotic aieas An appaient 
increase in the number of bile ducts ivas frequently obseived In 3 of 
the 5 cases theie appealed to be adenomatous legeneration of hepatic 
tissue The cirrhosis in these cases was not unifoim thioughout the 
sections but was scattered in an ii regular mannei Between the aieas 
of fibrosis the hepatic substance demonstrated cential lobular degeneia- 
tion, condensation of reticulum and leversed lobulation At times the 
bands of condensed leticulum could be seen to join the aieas of fibiosis 
Indeed, it appeared that entiie lobules had degeneiated and collapsed in 
some regions and that these aieas seived as sites foi the proliferation 
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Fig 3 — ^True cirrhosis A, an area of fibrosis -with an apparent increase in 
the number of bile ducts (note the reveised lobulation and the condensation of 
leticulum in the adjacent tissue [hematoxylin and eosin stain]) , B, lower mag- 
nification, showing marked condensation of reticulum, reversed lobulation and 
fibrosis of the areas of massive destruction f hematoxylin and eosm stain), and, 
C, a higher magnification of the preceding section, show ing fibrosis and an increase 
111 the number of bile ducts (Van Gieson stain) 
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of fibrous tissue The patchy nature of the fibiosis and the intervening 
regions of central degeneration and condensation of reticulum made the 
picture difiei considerably from that usually seen m advanced portal 
cn rhosis 

In 1 additional case there was failuie to show marked central destruc- 
tion of the lobules, with reticular condensation and reveised lobulation 
There was, rathei, only a mild degiee of central atiophy in lobules 
which peisisted between the scattered areas of fibiosis As will be 
pointed out latei, in this case there were certain clinical features which 
indicated that the hepatic cnihosis probably preceded the onset of con- 
gestive heart failuie (fig 3) 

COMMENT 

The most frequent pathologic pictuie seen m the liver as a result of 
prolonged oi lepeated episodes of congestive heart failure is degeneia- 
tion of the central portion of the lobules, with oi without condensation of 
reticulum True hepatic cii rhosis is an uncommon finding 

It IS generally assumed that central lobular atrophy results fioin 
chronic passive congestion of gradual onset and that necrosis develops 
uhen cardiac failuie occurs more abruptly or is of greater se\ent) It 
was difficult to establish this fact fiom this material, it may be sug- 
gested, howevei, that when necrosis was apparently superimposed on 
preexisting central atrophy, the patient ma) have suffered seveie terminal 
passive congestion The toxic factoi of Mallor} cannot be disregarded 
in these cases as the cause of the seveie cential necrosis It must be 
pointed out, howevei, that the clinical lecord and associated postmoitem 
observations do not coi respond uith sufficient regularity foi the definite 
establishment of an infectious or toxic oiigin foi the necrosis It is a 
well known fact that many toxins exert then first visible effects on the 
central cells of the hepatic lobule Bollman and Mann,^° moreovei, 

IS Mallory, F B Necrosis of the Liver, J AT Research 6 264-280 (July) 
1901, Chronic Passive Congestion of the Liver, ibid 24 455-462 (Apiil) 1911, 
cited by Boles and Clark 

19 Bollman, J L Experimental Cirrhosis of the Liver, Proc Internat 
Assemb Inter-State Post-Grad AI A , North America, 1929, pp 387-390 
Bollman, J L, and Mann, F C Alterations in Hepatic Function Produced by 
Fxperimental Hepatic Lesions, Ann Int Med 9 617-624 (Nov) 1935 Bollman, 
J L , Mann, F C, and^AIagath, T B Studies on the Physiology of the Liver 
XV Effect of Total Removal of the Liver on Deaminization, Am J Physiol 
78 258-269 (Oct ) 1926 Mann, F C , and Bollman, J L Jaundice A Review 
of Some Experimental Investigations, JAMA 104 371-374 (Feb 2) 1935 
Bollman, J L , and Mann, F C Experimentally Produced Lesions of the Liver, 
Ann Int Aled 5 699-712 (Dec) 1931 
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have cleaily shown that impairment of the circulation of the livei 
increases the effectiveness of many hepatic toxins One cannot, there- 
fore, deny the possibility of a coexisting toxic factoi m these cases 
That some factor besides passive congestion may be involved is sug- 
gested by the fact that one cannot pi edict from the clinical history and 
physical findings whether the liver will show atrophy or necrosis The 
claim foi the toxic factor becomes stiengthened m some cases by the 
presence of many polymorphonuclear leukocytes m the necrotic areas 
It must be lemembered, however, that polymorphonuclear leukocytes 
may migrate to sites of necrosis regardless of its cause 

In 33 cases there was some degree of condensation of reticulum, it 
V as minimal in 24 cases In the remaining 9 cases the condensation was 
piominent, and several authors piobably would have classified the cases 
as representing cirrhosis These 9 cases corresponded well with the 
descriptions of cases of cardiac cirrhosis given by Sabourin, Salaman, 
Lambert and Allison, and Boles and Clark They undoubtedly fit the 
descriptions of “red atrophy,” “collapse fibrosis” and other terms used 
by some investigators as synonyms for cardiac cirrhosis There was 
not, however, true cirrhosis as the term is generally understood There 
were demonstrated only condensation and thickening of preexisting 
reticulum In no case of this particular group was there evidence of 
new connective tissue proliferation, lymphocytic infiltration, adenoma- 
tous regeneration or an apparent increase m the number of bile ducts 
In these cases the condition should therefore be designated as marked 
by condensation of reticulum and should not be included under the teim 
cn rhosis 

It is interesting that some degree of condensation of reticulum and 
thickening was seen m 86 per cent of the cases of multiple episodes of 
congestive heart failuie, whereas it occurred in only 30 per cent of the 
cases of protracted single episodes The possibility that thickening 
of reticulum and perhaps some degree of condensation were residua of 
previous central degeneration becomes apparent The thickening of 
reticulum may constitute the only irreversible change m the liver as a 
lesult of partial lobular degeneration resulting from chronic passive 
congestion It is probable that during periods of congestive heait 
failure in cases in which there were lepeated episodes of such failure 
the partially destroyed lobules regenerated almost to their normal state 
Bollman and Mann have shown that if the necrosis of the lobule is not 
too extensive, reparative processes begin soon after removal of the 
toxin and that the restoration of the hepatic cells is so complete that 
the lobule again appears fairly normal They said they believed that 
the disintegrated central hepatic cells are removed by phagocytosis, 
their place being taken by new hepatic cells New cells appear to arise 
by division of adjacent uninjured hepatic cells It may be emphasized 
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heie that lestoiation to normal appaientl)" does not occur when the 
neciosis involves an entire lobule 

In 6 of the 75 cases theie was tiue ciiihosis In 5 the changes diffeied 
fiom those of the advanced poital type as a lesult of their patchy natuie 
and the central degenei ation, condensation of leticulum and inveise lobu- 
lation in the hepatic parenchyma between the aieas of fibrosis In 5 
of these 6 cases the ciiihosis evidentl}' developed after the onset of con- 
gestn e heai t failure In the sixth case the ascites appeared to follow a 
seieie respiiatory infection and began six months prioi to the onset 
of dependent edema It is assumed that in this case the cirrhosis pre- 
ceded the onset of congestive heait failure This supposition, as has 
aheady been shown, is strengthened b} the microscopic obseivations 

It IS leasonable to expect that cinhosis which develops as a result of 
chionic passive congestion will be seen in those cases m which there 
have been repeated episodes of congestive heart failure If the passive 
congestion is severe enough to produce necrosis of the hepatic cells it 
is seveie enough to pi event pi ohfei ation of fibious tissue and adenoma- 
tous regenei ation Certainly, tlien, the cinhosis must develop during 
peiiods of partial or complete lestoration of cardiac function In the 
5 cases in this group, evidence seemed to be pi esented m support of this 
h}pothesis In 3 cases theie was a histoiy of repeated bouts of con- 
gestive heart failure, with intei veiling periods of partial recovery, in 
the 2 remaining cases there m as a single continuous episode of failure 
In each instance, however, theie i\as a history of intervals of rest in 
bed, vith considerable improvement m the degiee of cardiac decom- 
pensation 

On the basis of the expeiimental ivoik of Bollman and Mann 
togethei with the micioscopic obseivations m these cases, it seems jus- 
tifiable to postulate the mechanism involved m the production of ar- 
rhosis The degeneration lesultmg fiom chionic passive congestion of 
the hvei appeals to A^ary in its extent and seventy in dififerent lobules 
Some lobules may be completely destiojed, wheieas otheis show degen- 
ei ation in only the central portion As has already been emphasized 
the partially destroyed lobules probably aie repaired during intervals of 
impiovement in caidiac function to a state closely approximating the 
noimal, a thickened leticulum remaining as the only lelic When entire 
lobules are destioyed the change appears to be irieveisible, and the 
microscopic observations certainly suggest that m some areas ivhole 
lobules have been completely destioyed In these extensively degen- 
ei ated legions a collapse of the leticuIum apparently has occurred One 
01 more portal spaces are fiequently seen in the coalesced masses of 
leticulum It IS in these patchy aieas that fibious tissue pioliferation 
and, at times, adenomatous regenei ation of hepatic cells are observed 
Bollman and Mann, in their leport of cases of expeiimental ciirhosis, 
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suggested that the fibi ous tissue develops from that alread} pi esent about 
the poital spaces This may likewise be the source of the fibrosis in 
these cases The adenomatous regeneration probably pioceeds fiom 
the few hepatic cells lemaming in the collapsed lobules It is conceiv- 
able, theiefoie, that during the inteivals of partial caidiac lecovery, 
fibiosis occuis 111 the aieas of complete lobular destruction In the par- 
tially destroyed lobules, repaiation occurs which restoies them to a state 
appioachmg nonnal 

The lole played by toxins as a contnbutoiy agent m the pioduction 
of cirihosis is as obscure as m the cases of necrosis alone In 1 of these 
5 cases theie was a history of acute catarrhal icterus which had occurred 
shoitly before the appearance of dependent edema Congestive heart 
failure in anothei case occuired in association with syphilitic aortitis 
and aneurysm In this case a course of antisyphilitic treatment had been 
completed just piior to the first appeal ance of congestive heart failure 
In the other 3 cases theie was no evidence of a toxic or infectious factoi 

Grossly, in 3 of the 5 cases m this group the cirrhotic liver was 
desciibed as being nodular and firm In the 2 remaining cases there 
weie topical mottling of the ‘hiutmeg” type and increased lesistance 
to cutting 

Little coi relation was found between the clinical history and the 
microscopic observations m this senes of 75 cases Ascites was present 
in each case of cinhosis, but it was also found in 86 6 per cent of the 
entire senes Icteius was observed in 1 of the 5 cases of cirrhosis, 
although It occuried m 14 6 per cent of the entire series When portal 
stasis IS marked and engorgement of the liver occurs, jaundice not infre- 
quently becomes evident m congestive heart failure and when associated 
with existing cyanosis results m a glaring and peculiar coloi of the skin 
and mucous membianes Obviously neither ascites nor icterus can then 
sei ve as a diagnostic critenon of cirrhosis 

Hepatic function tests were made m only 3 of the 75 cases, a numbei 
too few to allow con elation However, numerous tests have been 
earned out m other cases In these cases either tempoiary recover)' 
occurred or postmoitem examination was not peimitted These obser- 
vations indicate the fact that marked degiees of impairment of hepatic 
function, as expiessed by the retention of dye introduced into the 
blood stieain, are extremely uncommon By denoting the giades of dye 
retention on a numerical basis (that is, grades 0 to 4) it is found that 
111 the majority of cases retention is of grade 1 and in a smaller group 
of giade 2, wuth few exceptions higher grades of dye retention are not 
encountered We aie led to believe that functional impaiiment of the 
hvei, as detei mined by laboiatory methods, will for the most pait serve 
as an index of the degiee of necrosis or atrophy rather than as an index 
of the cinhosis 
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It IS important to recall the fact that in some noimal peisons, espe- 
cially those who aie tall and slender, the edge of the hvei may be 
palpated Even though heart disease may exist in such cases, this find- 
ing may not indicate the presence of chronic passive congestion Supple- 
mentary evidence, such as the piesence of dyspnea, cjanosis, signs of 
pulmonary congestion and dependent edema, is usually requisite It is 
also important to recognue the fact that the liver may become enlarged 
and varyingly engoiged with blood in the absence of congestive heart 
failure This is notably obsei ved in some cases of pericardial effusion, 
particularly when the accumulation of fluid occurs rapidly and attains 
considerable pioportions This phenomenon is not the result of pressure 
downward from a fluid-laden pericardial sac but the result of compres- 
sion of the orifices of the hepatic A^eins which open into the inferior vena 
cava This appears to be caused by the accumulation of fluid in the 
pericardial sac, which rests on the diaphragm at the point uhere the 
inferior vena cava passes through 

When the liver becomes engoiged rathei rapidl}, considerable per- 
sistent pain and local tenderness in the region of the organ are cncoun- 
teied When the Iner has had an opportunit} to become adjusted to the 
circulatory stasis, as in cases of protracted congestive heart failure, these 
signs disappear 

Careful palpation of the liver in cases of chronic passive congestion 
usually gives important information, when there is massue ascites the 
examination obviously may reveal mconclusne findings As a rule the 
enlarged liver is found to be firm, smooth and somewhat tendei When 
its surface is hard and irregular, it is almost certain that an additional 
condition exists, such as tiue portal cirrhosis oi a metastatic malignant 
growth Palpation, unfortunately, does not peimit the positi\e identifica- 
tion of cardiac ciirhosis The so-called pseudocirrhosis of Pick"® will 
only be mentioned in passing An enlaiged, engorged liver that cleaily 
pulsates IS, with rare exceptions, evidence of oiganic changes involving 
the tricuspid valve 

Probably the most suggestive evidence arailable at this time in the 
clinical prediction that cardiac cirrhosis may be existent m a given case 
IS thiough inference from the facts disclosed by this study This evi- 
dence chiefly comprises the history of seveie lecurrent episodes of con- 
gestive heart failure over a relatively long time with intervals of 
improvement m cardiac function, when the livei leceives some respite 
However, m the clinical appraisal of the individual case, this evidence 

20 Pick, F Cirrhose du foie d'origine pencardique, Arch de med 2 lOS-107 
(July) 1896 , Ueber chronische unter dem Bilde der Lebercirrhose verlaufende 
Pericarditis (pericarditische Pseudolebercirrhose) nebst Bemerloingen uber die 
Zuckergussleber (Curschmann), Ztschr f klin Med 29 385-410, 1896 
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appears to be of limited value, owing to the fact that even under these 
circumstances the development of true cardiac cirrhosis is uncommon 

SUMMARY AND CONCLUSIONS 

The usual histopathologic pictuie of the liver m cases of prolonged 
or recurrent episodes of congestive heart failure is that of cential 
lobular atrophy or necrosis or both Condensation of reticulum and 
thickening may or may not be present 

The presence of condensation of reticulum alone does not warrant 
the use of the term cardiac cirrhosis 

True cirihosis, developing m the course of congestive heart failuie, 
does occur but is rare No definite criteria were elicited from this study 
wheieb}'- the development oi piesence of cardiac cirrhosis can be 
recognized climcall}'- 
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During the past few 3 'ears we ha\e been impiesscd with the fact 
that in childien with severe diabetes melhtus ^^hlch has not been 
bi ought undei satisfactoiy contiol, well marked enlaigement of the 
liver may occui In this paper Aie aie reporting studies of 60 chil- 
dren (54 living and 6 dead) with pronounced hepatomegah from among 
1,077 patients (815 living and 262 dead) in whom the onset of diabetes 
occurred at the age of 15 years 01 undei , the list as heie presented is 
not complete In view of the laige number of cases we legard enlarge- 
ment of the Inei as one of the outstanding comijlications of uncontrolled 
severe juvenile diabetes The cause of the increase in size, the natuie 
of the enlargement — whether fatty, glycogenous 01 otheiwise — and the 
specific tieatment present difficult and interesting pioblems 

As Hanssen ^ has pointed out, little mention of gioss hepatomegaly 
in human diabetes is to be found m the hteiatiue He cited Umber - 
and von Noorden and Isaac ^ as referring to this complication It is 
tiue that as eaily as 1748 Mead* called attention to fatt} infiltration of 
the liver in diabetes Adleisbeig and Forges® said they considered an 
enlarged and fatty livei a regular finding In his text on diabetes 

This work was aided by a grant from the Chemical Foundation, Inc 

From the George F Baker Clinic, Elliott P Joslin, M D , !Meclical Director, 
New England Deaconess Hospital 

1 Hanssen, P Enlargement of the Liver in Diabetes Mellitus, JAMA 
106 914 (March 14) 1936 

2 Umber, F Ernahrung und Stoffwechselkrankheiten, ed 3, Beilin, Urban 
& Schwarzenberg, 1925 

3 von Noorden, C , and Isaac, S Die Zuckerkrankheit und ihre Behandlung, 
ed 8, Berlin, Julius Springer, 1927 

4 Mead, R, cited by Widnas, K Etudes sur le diabete sucre chez I’enfant, 
Uppsala, Almqvist & Wiksells, 1928 

5 Adlersberg, D, and Porges, O Zur Theoiie und Pravis der kurativen 
Diabetesbehandlung, Klin Wchnschr 5 1451 (Aug 6) 1926 
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Naun 3 ^n ° stated that “in man one finds, as ahead} described by Klebs 
marked fatty infiltration of the In ei ” 

In a monogiaph published m 1926 Priesel and Wagner ’ stated that 
they had repeatedly observed enlargement of the liver in children with 
uncontrolled diabetes They said they regarded the increase in size as 
due to fat and found that theie was a tendency for the organ to leturn 
to normal with improvement m the diabetic condition In 1932 one 
of us (P W ) ® recorded the fact that at autopsy, fatty infiltration of 
the liver was present in 7 diabetic children Fuithermore, mention was 
made of roentgenologic evidence m a living patient (case 14) of a 
decrease in size of an enlarged (and presumably fatty) liver with insti- 
tution of careful tieatment of the diabetes The complication has pro- 
bably escaped general notice in -the past because it is encounteied 
chiefly m cases of severe, poorty controlled diabetes These occur pai- 
ticulaily m childien, and m the pre-insulin days such patients usually 
lived for only a few weeks or months and so escaped prolonged obsei- 
■vation and study 

A case of the type described m this paper was reported by Maunac ^ 
in 1934 His patient was a dwarf with a large abdomen, and m this 
case a collateral cnculation developed m the abdominal wall 

PRESENTATION OF DATA 

We have made special studies of 60 patients with well marked 
enlargement of the liver 

Sex — Although the patients weie not selected with this point in 
mind, there was an equal number of boys and of girls, 30 each 

Age — The average age of the 54 living patients was 14 9 years in 
January 1937 The aveiage age in the 6 fatal cases at death was 18 7 
yeai s 

Duration of Diabetes — The age at which the enlargement of the 
liver was first noted varied from 4 to 21 1 years, with an average of 
119 yeais On the average, five and seven-tenths yeais elapsed from 
the time of the onset of diabetes until the enlargement of the hvei v as 

6 Naunyn, B Der Diabetes melitus, ed 2, Vienna, A Holder, 1906, p 284 

7 Priesel, R , and Wagner, R Die Pathologic und Therapie der kindlichen 
Zuckerkrankheit, Ergebn d inn Med u Kinderh 30 536, 1926 

8 White, P Diabetes in Childhood and Adolescence, Philadelphia, Lea & 
Febiger, 1932, p 169 

9 Maunac, P Hepatomegalies de I’enfance avec troubles de la croissance 
et du metabolisme des glucides. Pans med 2 525 (Dec 29) 1934 

10 To save space a table (table 1) which presents the data concerning these 
patients in detail appears only in the reprints 
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noted The average period of obseivatioii of the living patients after 
the discovery of hepatomegaly was three and six-tenths years 

Type of Dtetaiy Tieatmenf — The gieat majority of these patients 
had been supposedly receiving diets with a carbohydrate-fat latio of 2 1 
As a mattei of fact, man}^ of them had paid scant attention to dietaiy 
restrictions, eating iriegulaily and freely The cases are theiefore, by 
and large, ones of uncontrolled diabetes 

As an indication of the type of diet now prescribed in sucli cases, 
actual average figures for the diets of the boys and gills at a camp 
duiing the summei of 1936 (appioximately 200 children) are given in 
the following tabulation 


Age, Tr 

Cnrbohjdrntc, 

Gm 

Protein, 

Gm 

rnt, 

Gm 

Calories 

Calories per 
I\g of Boclj 
Wciglit 

0 0 

103 

04 

12 

1,550 

S2 

0-10 

190 

84 

S") 

1,SS5 

07 

11 15 

21") 

OS 

05 

2,107 

51 

10-20 

221 

99 

ss 

2,072 

3S 


Seventy of Diabetes — As an index of the seACiit} of the diabetes 
one may point to the average (highest) blood sugai value duimg fasting 
foi the group (living patients), 0 38 per cent and average dosage of 
insulin, 48 units a day 

Comphcations — Nothing attests so convincingly to the severity and 
the lack of contiol of the diabetes of these young patients as an enumer- 
ation of the diabetic comphcations found in the gtoup Of the 54 living 
patients, 38 had had one oi moie attacks of seveie acidosis oi coma, 
42 had had frequent attacks of se^ere hypoglycemia, 26 weie tiue 
dwai fs, being 4 inches ( 10 cm ) or moi e below the standard height 
for then age , 14 others had infantilism \vithout dwarfism , 9 had aiterio- 
scleiosis, as evidenced by sclerosis of the letinal vessels oi loentgeno- 
logically visible calcification of the aiteiies of the legs, 1 had cataracts, 
7 had had peripheial neuritis, 3 had or had had active tuberculosis, and 
15 had had persistent or reclining infections paiticulaih of the skin oi 
uiinaiy tiact All the 6 children ivho died had had scveie acidosis or 
coma at some time dining then diabetic life, and in 3 instances coma 
was the piimary cause of death Four of the 6 w^cie tiue dw'aifs, 
4 had aiteiiosclerosis, 1 cataiacts, 1 tubeiculosis and 2 severe infections 
othei than tuberculosis One patient died of pulmonai}’^ tuberculosis and 
anothei of pneumococcic meningitis 

When the statistics were analj’-zed as to sex, it w’^as appaient that 
this was not an impoitant factoi and that except foi abdominal pain 
and splenomegaly, wdiich occurred almost twnce as commonl}'^ in the girls 
as in the boys, the incidence of complications w^as strikingly similai foi 
the two sexes 

Sise of the Livei — ^The enlaigement of the liver in the cases nndei 
discussion was a real factor, not a questionable or tiansient inciease in 
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size In most instances the edge of the liver could be felt to descend 
on inspiration to well below the level of the umbilicus m the mamillary 
line By roentgenogiam the tip of the liver could be seen to he in 18 
of the 60 cases, at one time or another, m the pelvis and m 3 other cases 
just at the level of the iliac crest In many cases the edge of the liver 
felt firm and hard and it was often tender The fiist change noted in the 
cases in which a deciease m size took place was a softening in con- 
sistency, as judged by abdominal palpation With 1 possible exception 
no cases of ascites were encounteied 

In 31 instances enlaigenient of the spleen was noted either by pal- 
pation or loentgenogiaphically The loentgenogiams showed no 
enlargement of the kidneys except m 5 cases (cases 12, 14, 56, 57 and 
60) , but even m those cases the increased size of the shadow was ques- 
tionable (as in case 57) or slight In 2 of the 5 cases in which the 
kidneys weie seen post mortem (cases 56 and 60) the size was found 
to be well within normal limits In none of the 60 cases was enlaige- 
ment of the heart demonstrated Hence one can state that m these 
childien with hepatomegaly, although some enlaigement of the spleen 
took place m about half of them, enlargement of the kidneys oi of the 
heart was not chaiacteristic 

Hepatic Function — As judged by the usual tests, there was no 
impairment of hepatic function except in 2 cases In 1 case (case 10) 
there was acute catairhal jaundice, with a plasma bilirubin value as 
high as 5 6 mg per hundred cubic centimeters in January 1937 , in the 
other case (case 21) the patient w^as acutely ill with diabetic coma and 
hepatitis with jaundice in May 1936 Aside from these 2 cases, deter- 
minations of the plasma bilirubin content m 8 othei cases yielded values 
uniformly within a normal range, with figures varying from a trace 
to 0 3 mg pel bundled cubic centimeters (In case 25 a value of 0 8 
mg was obtained on one occasion ) Our data in this respect are inade- 
quate and in view of the expeiience of Rabmowitch should be ampli- 
fied He repoited an average value of 0 86 units foi one hundred and 
thiiteen tests carried out on 10 patients In 6 of our patients on whom 
the biomsulphalem test was carried out, no delay m the removal of the 
d}e from the blood stieam w^as noted Furthermore, m only 1 of 30 
cases in which complete deteiminations of free, combined and total 
cholesterol were made did a significant lowering of the ratio of choles- 
teiol ester to total cholesterol occur (table 1) Accoidingly, although 
m this condition theie is undoubtedly some impairment of hepatic func- 
tion as regal ds caibohydrate and fat metabolism, the tests available w^ere 

11 Rabmowitch, I Effects of Betaine upon the Cholesterol and Bilirubin 
Contents of Blood Plasma m Diabetes IMellitus, Canad M A J 34 637 (Tune) 
1936 
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inadequate to demonstrate this probable dirainiition in function in the 
patients studied 

Signs and Symptoms — Because of the huge size of the liver, in 
most of these children (44 of 60) the abdomen was large and pio- 
tuberant The general effect was heightened in many cases by the fact 
that the children were underheight, 30 of the 60 being diabetic dwarfs 
Bouts of abdominal pain were of relatively frequent occurience, having 
been noted in 55 pei cent of the group under discussion This was at 
times so severe as to lead to a surgical consultation, because of the 
possibility of an acute intra-abdommal suigical condition Indeed m 
case 15 of the senes the patient, while in a neighboring hospital, was 
operated on for acute disease of the gallbladdei because of just such 
an attack of pain accompanied by mild fevei and leukocytosis At 
operation no abnormality of the gallbladder was made out The 
enoimous size of the liver was verified, but unfortunately no biops) 
was made One other patient (case 9) was opeiated on at the New 
England Deaconess Hospital because of abdominal pain, but only the 
enlarged liver and calcified lymph nodes were evident Still another 
patient (case 21) was admitted to the hospital in diabetic coma with 
inaiked abdominal pain, fever and jaundice He was very ill for sev- 
eial days, with the signs and symptoms of hepatitis, but gradually 
impioved and is alive and leasonably well today This case has been 
lepoited elsewheie^- 

We have attiibuted the abdominal pain in many of these cases to 
sti etching of the hepatic capsule and of the accompanying visceial peii- 
toneum 

Hematologic Findings — Enumeiations of the erythiocjtes and of 
the leukocytes, togethei with the determination of the hemoglobin values 
and (m some instances) studies of stained blood smeais, were made 
almost as a routine Since no significant abnoimahties weie evident, 
these data aie not repoited in detail 

Gastnc Acidity — In 8 cases gastiic analyses were cairied out, an 
alcohol test meal (and in some instances, also histamine) being used 
In 2 cases (cases 12 and 25) no fiee hydiochloiic acid was found 
Fuithei observations need to be made to waiiant conclusions 

Analyses of Duodenal Contents — ^Thiough the couitesy and cooper- 
ation of the late Dr Lee MacPhee and of Miss Alison T Fernald, 
formeily of the Evans Memoiial Hospital, we were able to make 
analyses of the duodenal contents of 7 of the patients The proceduie 
used was as follows 

12 Root, H F Diabetic Coma and Acute Pancreatitis with Fatty Livers 
[case 5], J A M A 108 777 (March 6) 1937 
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A duodenal tube was passed and its position checked roentgenographicallj 
After the duodenal contents during fasting had been obtained, a fat meal, con- 
sisting of 5 cc of oleic acid, followed by 25 cc of warm water, was introduced 
through the tube Alter a rest period of fifteen minutes, during which the tube 
was shut off, the clamp was released and the tube allowed to clean itself of oleic 
acid Then, collection of B bile was begun and carried out until a definite and 
marked change in color occurred in the material secured At this point the collect- 
ing flask was leplaced by another and the collection continued The latter material 
was designated C bile Analyses of the enzyme content weie earned out on 
samples of C bile as well as on those of B bile according to the methods devised 

by McClure 

The lesults of the anatyses are given in table 2 Because of his 
laige experience in this field, the results weie shown to Dr C W 
McClure, who made the following statement “The figuies are suf- 

Table 2 — Analyses of Duodenal Contents 


Characteristics 

BBile 
Volume, cc 

Time for collection, mm 
Amylolytic activity 
Proteolytic activitj 
Lipolytic activity 

CBile 
Volume, cc 

Time for collection, min 
Amylolytic actlvlt^ 
Proteolytic activity 
Lipolytic activity 


Low 

/V V* m <i 1 



( 

XSOriDai ^ 

Values 

15 

37 

36 


120 

28 

8 


100 

25 

7 

10 

18 

22 

1 1 

20 

22 

23 

1 1 

10 

16 

07 

09 

20 

20 

10 


51 

12 

00 

08 

01 



Case Xumbers 


33 

30 

28 

20 

22 

75 

25 

14 

23 

16 

10 

14 

0 5 

06 

06 

07 

10 

10 

1 1 

07 


1 4 

21 

1 1 

11 

17 

55 

20 

15 

30 

15 

30 

08 

0 5 

00 

00 

1 0 

1 0 

06 

03 

10 

13 

00 

00 


ficientl}' abnoimal to denote mild to well marked functional disturbance 
111 the external pancreatic functions of enzyme secretion ” 

COMMENT 

Our assumption has been that the enlargement of the liver m these 
cases IS due primal ily to extensive infiltration and deposition of fat 
There aie those, however, who have attributed it to marked deposition 
of glycogen somewhat similar to that found in von Gierke’s disease 
There is something to be said in favor of this view This is outweighed 
m our opinion b} the evidence — admittedly indirect — that the large liver 
IS primal ily filled with fat, and in the following paragraphs this evi- 
dence -svill be piesented We do not deny that the liver is probably also 

13 McClure, C W , Wetmore, A S , and Reynolds, L New Methods for 
Estimating the Enzjmatic Activities of Duodenal Contents of Normal Man, Arch 
Int Med 27 706 (June) 1921 McClure, C W , Mendenhall, W L , and Hunt- 
singer, E Studies in Liver Function IV A Procedure for the Uniform 
Stimulation of the Biliary Flow, Boston M & S J 193-1052 (Dec 3) 1925 
kIcClure, C W Functional Activities of the Pancreas and Liver, New York, 
Medical Authors’ Publishing Companj% 1937 
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well filled with glycogen, indeed, oui expenence suggests that this is 
tiue 

Postmoitem Daia— To find lecoids of postnioitem data foi juvenile 
diabetic patiehts with maiked hepatomegaly is more difficult than one 
would anticipate In 4 of oui 6 fatal cases an autopsy was performed 
Unfortunately the interpi etation of the findings was made difficult in 
2 of the cases because of maiked accompanying infection which in itself 
may cause fatty changes in the hvei The data as legaids the hvei in 
these cases aie as follows 

Case 55 — A boy aged 16 years, who weighed 66 pounds (30 Kg ) when dressed, 
died in diabetic coma Microscopic examination showed fine \acuoles of fat in 
the endothelium of the sinusoids The hepatic cells were vacuolated 

Case 56 — A woman aged 23 6 years, who weighed 92 pounds (42 Kg), died 
of pneumococcic meningitis The liver weighed 1,900 Gm It was light reddish 
brown and mottled with yellow The capsule was smooth On section the Iner 
was soft and friable, with yellowish mottling, and the cut suiface was greasy 
The gallbladder was normal and contained approximately 80 cc of thin, golden- 
brown bile The bile ducts were patent Microscopic study showed fine vacuola- 
tion of many of the hepatic cells The periportal nuclei w'ere vacuolated 

Case 58 — A boy aged 14 8 years, wdio weighed 40 pounds (18 Kg), died of 
extensive pulmonary tuberculosis The liver weighed 1,520 Gm The surface was 
brownish and mottled with reddish foci On section the edges e\erted slightly 
The cut surface was yellowish brown, show'cd slight congestion aiound the central 
vein and was markedly greasy The gallbladder was normal, and the bile ducts 
were patent There were no stones Microscopic examination showed extensne 
fatty and glycogenic infiltration There w'as maiked congestion around the central 
vein Round cell infiltration of periportal spaces was noted There weie foci of 
necrosis with Langhans’ giant cells 

Case 59 — A girl aged 16 8 yeais, who weighed 106}4 pounds (48 Kg), died 
in diabetic coma The liver seemed rather large and weighed 1,980 Gm It was 
yellowish but mottled with red spots and stripes On section it was uniformly 
yellowish, with little more than a suggestion of red stripes around the lobules 
A yellowish nodule was seen in the paienchyma Microscopicalh the hepatic cells 
showed marked fatty and granular degeneration Many of the nuclei weie large and 
hyahnized, giving the picture usually produced by glycogenic degeneration ^ ‘ 

Aside fiom the data m these 4 cases, we have been able to collect 
little infoimation legarding pathologic obseivations m the disoidei 
under discussion Until the lecent publication of the papei by 
Brian, Schechtei and Persons,^® w^e had found no lepoit m the htei- 
ature, and no pathologist with whom w^e had spoken oi coiiesponded 

14 The data were furnished by the New' Yoik Hospital Fuithcr details of 
the postmortem obseivations are given in another report (Ralli, E P , and Water- 
house, A M Diabetic Coma Occurring Nineteen Times in the Life of a Patient 
with Diabetes Melhtus, J Lab & Clin Med 18 1119 [Aug] 1933) 

15 Brian, E W , Schechter, A J , and Persons, E L Unusual Glycogen 
Storage in a Case of Diabetes Melhtus, Aich Int Med 59 685 (April) 1937 
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had had a suitable record in his files It is generally conceded, as 
alieady mentioned, that fatt} infiltration of the In^ei may be found in 
diabetic patients at autopsy, but it is difficult to find published leports 
of cases m which the subject was a diabetic child with hepatomegal} 
(without complications such as infections) 

The case reported by Brian, Schechter and Pei sons was that of a 
24 year old man with poorl} controlled diabetes of over four yeais’ 
duration who died in severe acidosis At the postmortem examination 
the liver was laige (weight, 2,700 Gm ), and "the cut surface was waxy 
yellow and swollen” Fioni a micioscopic study of stained sections 
and from the fact that aftei eighteen months’ storage in an aqueous 
pieseiving fluid (containing a dilute solution of formaldehyde U S P 
1 100) the glycogen content of the liver was found to be 3 18 pei 
cent, Biian and his associates concluded that the hepatomegaly m their 
patient was due chiefly to glycogen Chemical analyses earned out 
recently in our own laboiatoiy on a portion of this liver (sent to us by 
Dr W D Forbus, of the department of pathology of Duke University) 
gave a value for total lipid of 895 Gm per hundred grams of dried 
hepatic substance (calculated as oleic acid) Although one may well 
question the validity of such a determination, made after the specimen 
had been in a preserving fluid for months, a figure as low as this supports 
the contention of Brian, Schechter and Persons that in their patient the 
enlargement of the livei was not due to fat It is only fair to state, 
however, that review of the microscopic sections m this case by Dr 
Shields Warren, of the department of pathology of the Harvard Medi- 
cal School, suggested that m the enlargement hydropic degeneration 
may have played a large part 

Biopsies — Abdominal exploration with biopsy of the liver has not 
been carried out for any of our patients No report in the literature 
has come to our attention except the recent one of Stetson and Ohler 
Their patient was a 12 year old boy with diabetes, enlargement of the 
liver and spleen, ascites, jaundice and mild fever There was, there- 
fore, definite hepatitis, and the situation was not strictly compaiable to 
that in the cases repoited in this paper It is important to note, how- 
ever, the statement of Stetson and Ohler that "microscopic examination 
of a section of this tissue (removed at biops}') stained with Best’s 
carmine showed essentially noimal liver structure with a tremendous 
amount of intracellular glycogen The nuclei contained no glycogen, 
and there were but small amounts scattered about in the connective 
tissue ” No signs of increase m fat deposits were seen No chemical 
analyses for glycogen or fat were made 

16 Stetson, R P , and Ohler, W R Hepatomegaly and Jaundice in a Juvenile 
Diabetic, New England J Med 217 627 (Oct 14) 1937 
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Analogy fiom Depancreatized Dogs — Investigatoi s have long 
observed that in totally depancreatized dogs the liver is likely to become 
large and filled with fat Thus Naunyu/' in 1906, wrote as follows 

In scarcely a single dog among the great number which I have seen die of 
severe diabetes following complete extirpation of the pancreas have I missed 
marked fatty infiltration of the liver, among these animals were many without 
infection, to which Sandmeyer said he was inclined to attribute it Such 

livers can be compared macroscopically with those in the most severe cases of 


Blood 
Sugar , 



Minutes Before and After Injection of Epinephrine 

Chart showing blood sugar (capillary) curves obtained aftei the subcutaneous 
administration of 0 5 cc of epinephrine hydrochloride (1 1,000) subcutaneously 
The results for 3 other patients (cases 5, 7 and 28) were essentiallj the same 
All the patients were resting in bed throughout the making of the tests and had 
received no food or insulin for ten hours In 5 of the 7 cases control tests were 
carried out on other days with conditions exactly the same except that no 
epinephrine was given These control curves in no instance showed a rise in blood 
sugar content exceeding 28 mg per hundred cubic centimeteis o^el the period 
covered by the experiment 

acute phosphorus poisoning in man or with the liveis of fattened geese — so large, 
so bright yellow and so friable are they The micioscope shons the cells to be 


17 Naunyn,® p 118 
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remarkably filled with fat The weight of the liver is enormous , I toiind 

livers weighing over 1 Kg m dogs of approximately 10 Kg 

The characteristic observation so vividly described by Nairn} n is a 
strong argument in favor of the contention that the hepatomegah in 
juvenile diabetes is primarily due to fat 

As will be discussed m detail in our next papei, this fatty enlarge- 
ment of the liver in depancreatized dogs does not occur if sufficient 
insulin IS given to control the diabetes and if raw panel eas, lecithin oi 
choline is added to the diet 

Differences from von Gierke’s Disease — It is chaiacteristic of 
glycogen storage (von Gierke’s) disease that the peisons affected exhibit 
little or no rise in blood sugar content after the injection of epinephrine 
and are extremely sensitive to insulin Our patients showed normal 
1 espouses to epinephrine hydrochloride (four typical cuives are shown 
in the occompanying chart) and were no more sensitive to insulin than 
IS the average child with severe diabetes 

Furthermore, one thinks of an excess of stored glycogen as occurring 
with an excess of insulin m the body In our cases of diabetes with 
hepatomegaly, a gross lack of insulin was characteristic 

CoexisteiKe of Glycogen and Fat in the Liver — It must be remem- 
bered that large amounts of glycogen and fat may coexist in the liver 
The presence of a laige amount of fat m the liver of the diabetic child 
does not preclude the presence of an amount of glycogen wdiich 
approaches the normal Thus in cases of glycogen storage (von 
Gierke’s) disease, Krakower observed marked fatty infiltration 
accompanying the abnormal deposit of glycogen 

CONCLUSION 

Oui chief puipose in this papei has been to present the clinical and 
laboratory findings for a sizable group of diabetic children with hepato- 
megaly In the discussion we have, m general, supported the view that 
the primary cause of the enlargement of the liver is usually the deposi- 
tion of fat rather than that of glycogen We freely admit that the eii- 
dence is largely indirect and not supported by the observations in 2 
cases reported by others, 1 at autopsy and 1 at biopsy,^® wdiich most 
iieaily resemble those presented here We still hold to the belief, how^- 
evei, that fat is moie reprehensible m this connection than is glycogen 
We consider it possible that, m addition, a large role may be played 
by degenerative changes m the hepatic cells leading to imbibition of 

18 Best, C H The Role of the Liver in the Metabolism of Carboln drate and 
Fat III The Deposition of Liver Fat, Lancet 1 1274 (June 16) 1934 

19 Krakower, C The Lipoid Factor m Glycogen Stoiage Disease, J Pediat 
9 728 (Dec ) 1936 
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fluid and hydropic swelling This is suppoUed by Waiien’s interpreta- 
tion (refeired to pievioiisly) of the tissue fiom the patient lepoited 
on by Brian, Schechter and Pei sons Warien lias pointed out also 
that the fiequent occuiience of abdominal pain in these children is a 
point in f avoi of an acute swelling, which might take place moi e qinckh 
fiom hydropic degeneiation with letention of watei than from deposi- 
tion of fat Kaplan and Chaikofi have shown that a measurable 
amount of water does not accompany the stoiage of eithei glycogen or 
fat in the livei In oui own cases, possibly a pi unary deposition of 
fat was followed b}' h)dropic degeneiation with lapid letention of 
watei, causing stretching of the hepatic capsule and acute pain 

Fortunately the pioblem is not insoluble One needs only caieful 
histologic and chemical studies of the hvet in a sufficient number of 
suitable cases We hope that the piesent repoit may stimulate interest 
111 the subject so that collection of such data may be furthered In this 
connection it is well to call attention to the undesirabilitj of diawmg 
too definite conclusions fiom small slices of liver obtained at biopsi, 
since there may be a gieat deal of \aiiation between one area and 
another 


SUMMARY 

Attention is called to gross enlaigement of the hvei m children 
with seveie, pooily controlled diabetes, and detailed findings m 60 cases 
are piesented An enlarged spleen was noted m 31 cases 

The seues is noteworthy for the frequency of complications, includ- 
ing diabetic coma and acidosis, hypogljcemic attacks, dwarfism, aitciio- 
scleiosis, neuritis, tuberculosis and othei infections, chiefly of the skin 
and urinal y tiact 

Dwaifism, a piotuberant abdomen and bouts of abdominal pain wcie 
particularly striking features 

Evidence is presented to support the view that the enlaigement m 
such cases is piimarily due to gioss fatl} infiltration The condition is 
considered as one apait fioiii glycogen storage disease, although the 
piesence of glycogen in amounts appioaching the noimal is not denied 
The possible role of h3^dropic degeneiation vith letcntion of watei is 
discussed 

20 Kaplan, A , and Chaikoft, I L Tlie Relation of Glj cogcn Fat and Pi o- 
tein to Water Storage in the Liver, J Biol Clicm 116 663 (Dec ) 1936 

21 Chaikoff, I L, and Kaplan, A The Distribution of Fat in the Lncrs of 
Depancreatized Dogs Maintained with Insulin, T Eiol Chein 119 423 (Julj) 1937 
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In the preceding paper we ^ discussed the geneial characteristics of 
hepatomegaly as seen in 60 diabetic children possessing this complication 
The present report is concerned with the results of treatment with 
three agents, law pancreas, betaine hydrochloride and protamine insulin 

METHODS 

All the children were kept under close observation, and most of them spent one 
or more weeks m the hospital during the period of study For the greater part 
of the time, however, the patients were at home, because of the expense and unde- 
sirability of prolonged hospitalization One must accept the fact that the care 
taken by the patients and their families as regards diet and insulin probably 
varied somewhat from time to time, so that strictly comparable conditions through- 
out cannot be claimed It is most likely that during the periods of special medi- 
cation, as with betaine and with protamine insulin, more care was given also 
to other details of treatment, thus favoring better general control of the diabetic 
condition 

At first roentgenographic examinations of the abdomen regarding the size of 
the liver were made at frequent intervals — as often as every week, but in the 
study of the patients taking betaine it soon became apparent that chaHge^ would 
take place only over longer periods Hence,, roentgenographic studies were made 
only at intervals of three or more months (Later experience with .protamine 
insulin showed, however, that changes in size might occur in a much shorter 
length of time ) All the roentgenograms were taken in the same laboratory 

This work was aided by a grant from the Chemical Foundation, Inc 

From the George F Baker Clinic, Elliott P Joslin, M D , Medical Director, 
New England Deaconess Hospital 

1 Marble, A , White, P , Bogan, I K , and ’Smith, R M Enlargement of 
the Liver in Diabetic Children I Its Tncidence, Etiology and Nature, Arch Int 
Med , this issue, p 740 . . ' ' 
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under standard conditions, and all the measurements were made by the same 
roentgenologist (I K B ) In order to obtain values of as great accuracy as 
possible, the following precautions were observed 1 The same target-film 
distance was used in all cases 2 Care was taken to place the apparatus and 
the patient so as to allow the central ray to pass through a fixed measured point 
on the anterior abdominal wall 3 The exposure was made alwa 3 's at the end of 
a full inspiration 

In establishing the size of the liver three measurements vere taken (1) the 
vertical diameter, (2) the long diameter, from the tip of the right lobe to the 
most distant point along the upper margin, and (3) the angle made bj' the tip 
of the right lobe The liver was considered (1) unchanged in size if the variations 
of the vertical and long diameters were under 1 cm and if the change in the 
angle was less than S degrees, (2) slightly increased or decreased in size if the 
variations of the vertical and long diameters were from 1 to 1 9 cm and if 
the change in the angle was between 6 and 10 degrees, (3) moderately increased 
or decreased in size if the \ariations m the vertical and long diameters were 
from 2 to 2 9 cm and if the change in the angle was between 11 and 15 degrees, 
and (4) markedly increased or decreased in size if the variations in the \ertical 
and long diameter were 3 cm or over and if the change in the angle was more 
than 15 degrees 

For the studies of lipids, blood was withdrawn whene\er possible with the 
patient in the fasting state Potassium oxalate was used as an anticoagulant 
The plasma was separated and the alcohol-ether extract made as soon as possible 
after the withdraw'al of the blood, in most cases in less than two hours The 
total cholesterol value w'as determined by the method of Bloor,^ and free and 
ester cholesterol values were determined by the procedure suggested by Smith 
and Marble ^ 

The betaine hydrochloride used was chemically puie and was pieparcd cspecialb 
and furnished without cost by Merck & Co , Inc 

RESULTS 

(a) Raw Panel cas — Two patients, a boy of 13 yeais (case 30) and 
a girl of 19 yeais (case 15), weie noted to have enormous enlargement 
of the livei The diabetes, tvhich in the fiist case was of ovei nine 
years’ and in the second of ovei six years’ duiation, had m each instance 
been continuously poorly conti oiled Foi a peiiod of ten to eleven 
weeks each patient was given 120 to 125 Gm of finely ground, fiesh 
law pancreas daily, usuall)'^ in cold tomato juice Fiequent physical 
and roentgenologic examinations showed no diminution in the size ot 
the liver As may be seen from table 1, no significant change 3vas pio- 
duced in the level of blood cholesteiol oi in the percentage of the estei 

2 Bloor, W R The Determination of Small Amounts of Lipid m Blood 
Plasma, J Biol Chem 77 53 (April) 1928 

3 Smith, R M , and Marble, A The Colorimetric Determination of Fi ce 
and Combined Cholesterol, J Biol Chem 117 673 (Feb ) 1937 
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fraction Because of the essentially negative charactei of these lesults 
and the distastefulness of the law pancreas, this form of expeiimental 
therapy v as given up, and attention was directed to betaine 

{h) Betamc Hydi ochio) ide — ^Twelve childien veie given betaine 
hydrochloride over a peiiod of fiom eight to nineteen months, usually 
3 Gm daily Seven of these patients cooperated well and took the 
betaine as prescribed, the other 5 took it irregulaily Foi part of the 
period the betaine was mixed with the food, and for pait it vas 
administered in capsules No difteience was noted in the results seemed 
To a contiol group of 6 children with similar enlargement of the hvei 
no betaine was given In tables 2 and 3 the lesults obtained are sum- 
marized (see also the general summaiy given in table 5) 


T VBLE \ — Effect of Razo Panetcas on the Chotestc} ol Content of the Blood 

Jii Tzuo Coses 




Cholesterol 





Trse, 

Ester, 

Total, 

Ester in 




Mg per 

Mg per 

Mg pel 

aotnl. 



Date, 1933 

100 Cc 

ICO Cc 

100 Cc 

Percentage 

Comment 


Master T E (case 30) 







March 17 

6S 

170 

238 

71 

125 Gm of rau pancreas 

April 11 

64 

135 

202 

69 

daily from Feb 23, 

to 

May 14 

83 

164 

246 

66 

May 10, 1935 


July 15 

83 

143 

228 

63 


Miss D G (case 15) 







March 0 



225 


120 Gm of raw pancreas 

April 9 

05 

156 

211 

69 

dailj from March 12, 

to 

August ') 

03 

136 

219 

71 

at least June 7, 1933 



It im11 be noted that whereas only 1 of the 6 patients in the contiol 
gioup showed a diminution in the size of the liver dm mg the peiiod 
of special study, 6, or 50 per cent, of those receiving betaine showed 
such a decrease Thus there seems to have been some effect attributable 
to the betaine As we followed the studies closely, howevei, we were 
not impressed by any sudden or dramatic decrease in the size of the 
hvei Such effect as was secuied did not impress us as a definite 
lesponse to a specific remedial agent Moreover, it is entiiely possible 
that some of the beneficial results seen m the patients taking betaine 
was due to the fact that greater care was taken by them as legards diet 
and insulin, because of the common experience that whenever a special 
type of treatment is introduced there is often greater attention to other 
details 

There vas little or no effect on the plasma cholesterol free, ester or 
total, as may be seen in table 2 





Table 2— Effect of the Oial Adimmstiatwii of Betaine Hydiochloude on the Sice of the Livei and the Plasma Cholesteiol Content 
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(c) Protamine Insulm — The use of piotamme insulin was begun in 
this clinic in August 1935 and has been steadily extended As patients 
have returned to the hospital for “check-up” they have been shifted 
to the new preparation, and almost all have continued its use at home 
A general summary of the results obtained in the first 1,250 patients 
has already been published ^ Of the children discussed in the pi esent 
papei, all but 1 are now taking piotamme zinc insulin (data concerning 
the control series and those leceiving betaine were collected before the 
use of piotamme insulm was begun) Because of the report by Hanssen,'^ 
we watched this gioup carefully to detect any change in hepatic size 



Roentgenograms of the abdomen m case 41 A ^\as taken on July 27, 1936, 
when treatment with protamine zinc insulin ivas begun B was taken on September 
12, and shows the marked decrease in the size of the Iner 

In 19 instances serial examinations ucie made b} roentgcnogiam The 
results in these few cases are presented in table 4 It can be leadily 
seen that concomitant with the use of piotamme insulin, there occuried 
a diminution in the size of the livei in 15, or 78 9 per cent, of the 19 
cases Our impiession is that the deciease m size may begin within two 
weeks after the institution of such therap}^ piovided this is done under 
conditions which allow careful dietaiy legulation and good contiol of 
the diabetes 

Less detailed clinical study of other patients by means of physical 
examination bears out this finding, namely, that with the bettei contiol 

4 Joshn, E P Protamine Insulin, JAMA 109 '497 (Aug 14) 1937 

5 Hanssen, P Enlargement of the Liver in Diabetes Melhtus, JAMA 
106 914 (March 14) 1936 
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of the diabetes that is made possible with protamine insulin, the enlaige- 
ment of the hvei is prevented or alleviated This suggests that in the 
diabetic patient the hepatic changes aie due not to the laclc of some 
substance piesent m law pancieas oi its deiivatives but to the pool 
control of the diabetes, with the accompanying disordered fat metabolism 
This seems leasonable in view of the fact that if insufficient insulin is 
given to dogs made diabetic by total pancreatectomy, the liver may 
become enlarged and fatty and even laige amounts of raw pancreas or 
its derivatives given oially will only paitly dimmish its size This form 
of hepatomegaly obviously is due primanl}' to pool control of the 
diabetes 


Table S — Swnmaty Tabic of Results as Regaids the Sisc of the Lwci 



Total 
^o of 
Cases 

Increase 


Decrease 


Decrease 
in Size, % 
of Total 
Cases 
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1 
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5 
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500 

Protamine insulin 

19 
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COMMEXT 

• 

The tiial of law pancieas oi betaine foi diabetic childien \Mth 
hepatomegaly has its lationale in the fact, established shortly aftei the 
discovery of insulin, that although a completely depanci eatized dog can 
be kept alive for as long as eight months with lean beef, cane sugai and 
insulin, It eventually dies with signs of hepatic failuie unless fiesh 
raw pancreas is added to the diet In animals not given law pancieas. 
postmortem examination leveals enlargement and fatty degeneration of 
the hvei ® Latei Heishey^ and Heishey and Soskm® concluded that 
lecithin is the effective constituent of raw pancreas The pioblem vas 
carried a step fuithei by Best and his associates,® who established that 

6 Allan, F N , Bowie, D J , Macleod, J J R , and Robinson, W L 
Behavior of Depancreatized Dogs Kept Alive with Insulin, Brit J Exper Path 
5 75 (April) 1924 

7 Hershey, J M Substitution of Lecithin for Raw Pancreas in tlie Diet 
of the Depancreatized Dog, Am J Physiol 93 657 (June) 1930 

8 Hershey, J M , and Soskin, S Substitution of Lecithin for Raw Pancreas 
ill the Diet of the Depancreatized Dog, Am J Physiol 98 74 (Aug ) 1931 

9 (a.) Best, C H , Ferguson, G C, and Hershey, J M Choline and Liver 
Fat m Diabetic Dogs, J Physiol 79 94 (July 28) 1933 (b) Best C H The 
Role of the Liver in the Metabolism of Carbohydrate and Fat Deposition of Liver 
Fat, Lancet 1 1274 (June 16) 1934 
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choline is the component of lecithin which is active in this connection 
Furtheimore, betaine, an oxidation product of choline, also was found 
to be effective^® Accordingly, it seemed reasonable that law pancieas 
or betaine might be of use m the tieatment of diabetic children with 
enlaigement of the liver 

It IS evident from the data which have been presented that although 
greater or less deciease m size of the liver was seen m 50 per cent 
of the patients given betaine, the change was not umfoimly obtained noi 
was it usually striking m degiee Ceitamly some of the lesults seen must 
be ascribed to better contiol of the diabetic condition (with diet and 
msuhn) during the period of administration of betaine The fact that as 
good or better results were obtained m the patients who took betaine 
iiiegularly, as compared with those who took it regularly, stiengthens 
the belief that the beneficial action was not due wholly to betaine This 
lack of specific action may be asciibed to the following factois 

1 Choline is found m many foods and, as far as we can judge, 
was already present in adequate amount m the diets of the children 

2 Influences other than the lack of choline may well be and probably 
aie the cause of the enlargement of the liver seen m diabetic children 
Other factors which Best and his associates have found to possess a 
hpoti opic action are certain dietary proteins and extracts of the 
anteiioi lobe of the pituitary gland The beneficial effect which followed 
the use of protamine insulin m our patients suggests that m them uncon- 
trolled diabetes per se was the fundamental cause of the hepatomegaly 

3 There is a decided difference between depancreatized dogs with 
an enlarged, fatty liver and diabetic children with the same complication 
In the first place, m the animals, as Chaikoff and his associates have 
shown, the lipid content of the blood is low The blood cholesterol value 
IS low, with almost complete disappearance of the ester fraction In 
diabetic patients the blood fat and cholesterol values are usually model - 
ately elevated In almost eveiy case there is a normal peicentage of 
ester cholesteiol, and those few values which are reduced are only 
slightly so Furthermore, m animals the giving of raw pancreas, with 
a reduction m the size of the liver, causes a rise m blood fat and 

10 Best, C H , and Huntsman, M E The Effects of the Components of 
Lecithin upon Deposition of Fat in the Liver, J Physiol 75 405 (Aug 10) 1932 

11 Fletcher, J P , Best, C H, and Solandt, O M Distribution of Choline, 
Biochem J 29 2278 (Oct ) 1935 

12 Best, C H , Grant, R, and Ridout, J H The “Lipotropic” Effect of 
Dietary Protein, J Physiol 86 337 (May 4) 1936 

13 Best, C H , and Campbell, J Anterior Pituitary Extracts and Liver 
Fat, J Phjsiol 86 190 (Feb 8) 1936 

14 Chaikoff, I L, and Kaplan, A The Blood Lipids in Completely Depan- 
creatized Dogs Maintained with Insulin, J Biol Chem 106 267 (Aug ) 1934 
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cholesterol values, togethei with a use in the estei cholesteiol value ^ ' 
In oui diabetic childien leceiving betaine this did not occur except to 
a slight extent in 3 cases (cases 7, 30 and 33) and, in general, one finds 
a deciease rather than an increase in the blood cholesteiol value as the 
diabetes is bi ought under better control In the depancreatized dog with 
enlargement of the liver due to a lack of choline oi lecithin, the giving of 
choline pioduces along with iinpiovement in the general condition a 
paradoxic increase in the sugai content of the urine In the diabetic 
patient clinical impiovement goes hand in hand with i eduction of the 
glycosuria 

It must be remembered that in the diabetic patient the external 
secietion of the pancreas, although probably impaned m some cases, 
IS by no means entirely lacking, as it is in the depancreatized dog 

4 The possibility exists that to a gieatei oi less extent the hepat- 
omegaly seen m diabetic childien may be due to the accumulation of 
substances othei than fat In the piecedmg papei w^e^ have piesented 
evidence suggesting that gtycogen is not primarily responsible and ha-\ e 
suggested the possibility that pai t of the enlargement in some cases may 
be due to the imbibition of water incident to hydiopic degeneration of 
the hepatic cells 

There has been considerable discussion as to whethei or not choline 
IS the constituent of raw pancreas wdiich is lesponsible for the beneficial 
effects seen wdien law panel eas is fed regularly to the completely 
depancreatized dog maintained wnth insulin Thus, Ralli, Flaum and 
Banta^*® leported that lecithin was not as effective as raw' pancreas in 
preventing the deposition of fat in the liver of depancieatized dogs 
Then Chaikoff and Kaplan found that choline fed to depancieatized 
dogs was 1 datively ineffective in influencing the blood cholesterol value 
as compaied with raw panel eas gnen in amounts containing far less 
choline (as calculated from the lecithin content) They concluded that 
the blood lipid factor is not choline In studies subsequently leported, 
these w'oikeis^® stated that wdiereas choline fed to completely depan- 

15 Chaikoff, I L, and Kaplan, A The Influence of the Ingestion of Raw 
Pancreas upon the Blood Lipids of Completely Depancreatized Dogs Maintained 
with Insulin, J Biol Chem 112 155 (Dec ) 1935 

16 Ralli, E P , Flaum, G, and Banta, R The Results of Feeding Lecithin 
and Pancreas in Depancreatized Dogs on the Liver Fat and Its Saponifiable and 
Unsaponifiable Fractions, Am J Physiol 110 545 (Jan ) 1935 

17 Chaikoff, I L, and Kaplan, A Comparative Effects of Pancreas and 
Choline on Blood Cholesterol of Depancreatized Dog Maintained with Insulin, 
Proc Soc Exper Biol & Med 34 413 (May) 1936 

18 Kaplan, A , and Chaikoff, I L The Effect of Choline on the Lipid 
Metabolism of Blood and Liver in the Completely Depancreatized Dog Maintained 
with Insulin, J Biol Chem 120 647 (Sept ) 1937 
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creatized dogs in large amounts mflueiices the deposition of fat ui the 
hvei, Its curative action is slow and daily feeding for a long time is 
required to produce measurable effects on the livei m nhich a large 
amount of fat has accumulated Furtherinoie, Piohaska, Diagstedt and 
Harms have stated that the beneficial effect of law pancieas m pie- 
venting or relieving the fatty changes m the livei cannot be accounted 
foi on the basis of its lecithin or choline content, since the amount of 
these substances lequired is relatively great While agreeing with the 
conclusion just cited, Kaplan and Chaikoff,^^ ciiticized the methods used 
by Dragstedt, Prohaska and Haims The last named ^^Olkels-° leported 
that they had obtained m alcoholic extiacts of beef pancieas a substance 
IV Inch they had named hpocaic, which when fed to panel eatectomized 
dogs maintained with insulin acted in a specific mannei to allow suivival 
and to pi event and relieve the deposition of fat m the liver Results 
obtained with hpocaic in human beings will be of mteiest, so fai only 
one repoit has come to oui attention, that of Giayzel and Radvvin,'^ who 
stated that they obtained a decrease m the size of the livei m 3 diabetic 
childien with the giving of hpocaic, wheieas careful control of the diet 
and adequate insulin tieatment had pieviously been unsuccessful In 
then preliminary communication no specific values foi the size of the 
liver befoie or after treatment weie given 

Best-- said he consideied that the lipotropic action of law pancieas 
may be due to any or all of the following factors (1) its choline con- 
tent, (2) its protein content,^- (3) its enzyme content, allowing for 
digestion of dietary protein and incidentally for the lelease of choline 
from such, and (4) possibly the presence m it of betaine and other sub- 
stances closely related to choline An influence due to pancreatic juice 
has been denied by Prohaska, Dragstedt and Haims ” 

Relev^ant to this discussion is the recent paper of Aylw’’aid and Holt 
These investigators found no evidence of the presence of a lipotropic 
factor in pancreas other than choline Their work was with noimal lats 
rathei than depancreatized dogs, however 

19 Prohaska, J V , Dragstedt, L R , and Harms, H P The Relation of 
Pancreatic Juice to the Fattj^ Infiltration and Degeneration of the Liver in the 
Depancreatized Dog, Am J Physiol 117 166 (Sept) 1936 

20 Dragstedt, L R , Prohaska, J V, and Harms, H P Obser\ations on 
a Substance (a Fat Metabolizing Hormone) Which Permits Survival and Pre- 
v'ents Liver Changes in Depancreatized Dogs, Am J Physiol 117 175 (Sept ) 
1936 

21 Grayzel, H G , and Radwin, L S Treatment of Hepatomegaly in 
Juvenile Diabetes Melhtus with a Pancreatic Extract, Proc Soc Exper Biol & 
Med 37 724 (Jan ) 1938 

22 Best, C H Personal communication to the author, footnotes 9 to 13 

23 Ayhvard, F X, and Holt, L E, Jr The Nature of the Lipotropic 
Agent in Pancreas, J Biol Chem 121 61 (Oct ) 1937 
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SUMMARY 

The effect of law panel eas on hepatomegaly was observed in 2 
diabetic children, that of betaine hydiochloiide in 12 and that of 
piotamine insulin in 19 

No significant change in the size of the liver vas observed con- 
comitant with the use of raw panel eas With the use of betaine a 
greater or less diminution was seen in 50 per cent of the 12 patients, 
and with the use of piotamme insulin it was seen in 15, oi 78 9 per 
cent, of the 19 patients Some diminution m size was observed in 1 of 
6 patients in a control series 

The beneficial effect seen with the use of protamine insulin is 
ascribed to the better contiol of the diabetic condition 

It IS concluded that enlargement of the liver in diabetic childien is 
due in the average case chiefly to pool contiol of the diabetes and not to 
a lack of choline or of some othei agent deiived fiom ran pancreas 



STUDY OF THE DERANGED CARBOHYDRATE 
METABOLISM IN CHRONIC INFECTIOUS 

HEPATITIS 

JEROME W CONN, MD 

L H NEWBURGH, MD 
MARGARET W JOHNSTON, PhD 

AND 

JOHN M SHELDON, MD 

ANN ARBOR, MICH 

Hypoglycemia has been the outstanding and most constant result 
of the disturbed carbohydrate metabolism observed when severe injury 
of the liver has been found clinically or produced expei imentally It 
appears to have been established that m the noimal organism the 
presence of the liver is necessary for the maintenance of a noimal 
glycemic level ^ It has been shown that the liver has at least tin ee 
separate functions directly concerned with the metabolism of dextrose 
These functions are (1) gly cogenesis, (2) glycogenolysis and (3) the 
production of dextiose and the deposition of glycogen from noncarbo- 
hydrate piecursors (glycogenic ammo acids and glycerol fraction of 
fats) The balance between glycogenesis and glycogenolysis allows the 
liver to function as a storehouse of readily available dextrose to be 
delwered into the blood stream in times of need 

Fiom these facts it is appaient that theie are seveial possible 
explanations for the hypoglycemia observed m cases of severe hepatic 
injuiy That the mechanism is not necessarily analogous to partial 
01 complete removal of the lirei is obvious If glycogenesis alone 
were impaired, the hypoglycemia noted duimg fasting could be due 
to insufficient storage of glycogen m the liver, even though the gly- 
cogenolytic function was normal On the other hand, impaired con- 
version of glycogen to dextrose (glycogenolysis) could account for 
hypoglycemia without involving the glycogenic mechanism This would 
result in the retention of an abnormally large amount of glycogen in 
the livei In the well fed oiganism it seems unlikel} that the hypo- 

From the Department of Internal Medicine, Uni\ersity of Michigan Medical 
School 

The expense of this study was defrayed in part by a grant from the Horace 
H Rackham and Mary A Rackham Foundation 

1 Mann, F C , and McGath, T B The Effect of Removal of the Liver 
on the Blood Sugar Level, Arch Int Med 30 73 (Juh) 1922 
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glycemia could be explained wholly on the basis of an inability to 
produce dextrose from noncaibohydrate precursors, since this souice 
yields only a small fraction of the total dextiose of the metabolic mix- 
ture That the simultaneous impairment of two or all of these functions 
could result in hypoglycemia can be conceded 

Anothei line of leasomng must not be ignored It might be argued, 
purely hypothetically, that the hypogl3'cemia is the lesult of increased 
oxidation of dextrose attending seveie hepatic lesions In support of 
this conception could be piesented those cases of diabetes melhtus 
1 epoi ted in the htei ature - in which remarkable impi ovcment or e\ en 
“cure” has been shown with the development and progiession of cii- 
ihosis of the hvei But the hteratuie is devoid of lespiiatory data to 
support 01 lefute such a hypothesis The conclusions have been drawn 
on the basis of blood sugai levels and glvcosuna Respiiatoi}’’ data, 
among othei factois which pieclude such a liypothesis, will be given 
presently 

It has been demonstiated by Undeihill,^ Bodansk}’^,* Izume and 
Lewis,® McIntosh,® Cross and Blackfoid" and othei s that hepatotoxic 
chemicals such as hydiazine, phosphorus, chloioform, neoarsphenamine 
and caibon tetrachloride may pioduce hypoglycemia Izume and Lewis,® 
using rabbits, showed that in hydrazine poisoning the function of hepatic 
glycogenosis was impaired These animals exhibited low blood sugar 
levels duiing fasting After the administration of dextrose the glycogen 
content of the hvei was lower than that of the control animals, and the 
blood sugar level was highei, indicating an inability of the liver to 
lemove dextrose fiom the blood stieam and to deposit it as glycogen 
It was found that the ability of the liver to deposit glycogen after the 
administration of glycogenic ammo acids was also impaired 

2 Bordley, J, III Disappearance of Diabetes Melhtus During Development 
of Cirrhosis of the Liver, Bull Johns Hopkins Hosp 47 113, 1930 Cirrhosis 
of the Liver, Cabot Case 22261, New England J Med 214 1314, 1936 Strieck, 
F Diabetes und Lebercirrhose, Deutsches Arch f klm Med 178 167, 1936 

3 Underhill, F P Influence of Hydrazine upon the Organism, with Special 
Reference to the Blood Sugar Level, J Biol Chem 10 159, 1911 

4 Bodansky, M Production of Hypoglycemia in Experimental Derange- 
ment of the Liver, Am J Physiol 66 375, 1923 , Effect of Chloroform and 
Phosphorus Poisoning on Carbohydrate Tolerance, J Biol Chem 58 515, 1923 

5 Izume, S , and Lewis, H B The Influence of Hydrazine and Its 
Derivatives on Metabolism II Changes in the Non-Protein Nitrogenous Con- 
stituents of the Blood and in the Metabolism of Injected Glycine in Hydrazine 
Intoxication, J Biol Chem 71 33, 1926 Lewis, H B , and Izume, S The Influ- 
ence of Hydrazine and Its Derivatives on Metabolism HI The Mechanism of 
Hydrazine Hypoglycemia, ibid 71 51, 1926 

6 McIntosh, R Acute Phosphorus Poisoning, Am J Dis Child 34 595 
(Oct) 1927 

7 Cross, J B , and Blackford, L M Fatal Hepatogenic Hypogb'cemia 
Following Neoarsphenamine, J A M A 94 1739 (May 31) 1930 
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Von Gierke’s disease illustrates a type of hepatogenic hypogl}cemia 
the mechanism of which appeals to be wholly on the basis of distuibed 
glycogenolysis In this disease of childhood, evidenced by h3pogl}cemia 
and hepatic enlargement, the liver is found to contain a gieat excess 
of glycogen, indicating no disability m its deposition Thus, an abnoi- 
mally high glycogen content of the liver associated with chionic hypo- 
glycemia has been interpreted as being due to a deficient glycogenolytic 
mechanism Some have attributed this distuibance to a lack or deficiency 
of an enzyme necessary for the conversion of glycogen to dexti ose 

All the clinical cases of chronic hepatogenic h3fpoglycemia lepoited 
have been associated with marked difiuse destructive oi degeneiative 
lesions of the liver In the cases repoited by Nadler and Wolfei ® and 
by Crawford ® a primary neoplasm involved most of the hepatic tissue 
In those of Josephs^® and of Judd, Kepler and Rynearson theie 
was seveie fatty degeneration of the liver The case reported by Black- 
ford " was due to mai ked toxic hepatitis following neoarsphenamme 
theiapy In the case reported by Moore, O’Fariell and Headon theie 
was subacute degenerative hepatitis of unknown etiology Metabolic 
studies 111 clinical cases of this distuibance are few 

The present report consists of detailed studies of 6 patients with 
chronic hypoglycemia of hepatic oiigin Case 1 , the metabolic studies 
of which weie continued for over a year, is unique m several ways 
The hypoglycemia had been of three 3^eais’ duration at least It was 
shown to be due to ascending infectious hepatitis, the result of chronic 
purulent cholecystitis In this case theie was remarkable recovery of 
the disturbed carbohydrate metabolism after lemoval of the source of 
the hepatitis 

Case 1 — W F , a 47 year old laborer, was first admitted to the University 
Hospital on May 2, 1935, complaining of attacks of unconsciousness Since 
March 1934 he had been having periodic attacks of unconsciousness, which always 
occurred nine to tAvelve hours after the evening meal and lasted as long as 
thirty-six hours The number of attacks averaged two or three each month, 
although there had been one period of four months without an attack The 
attack was characterized by excessive sweating, vomiting and incontinence of 

8 Nadler, W H , and Wolfer, J A Hepatogenic Hypoglycemia Asso- 
sociated with Primary Liver Cell Carcinoma, Arch Int Med 44 700 (Nov ) 
1929 

9 Crawford, W H Hypoglycemia with Coma in a Case of Primary 
Carcinoma of the Liver, Am J M Sc 181 496, 1931 

10 Josephs, H Spontaneous Hypoglycemia in Childhood, Am J Dis Child 
38 746 (Oct ) 1929 

11 Judd, E S , Kepler, E J, and Rynearson, E H Spontaneous Hypo- 
glycemia Two Cases with Fatty Metamorphosis of the Liver, Am J Surg 
24 345, 1934 

12 Moore, H, O’Farrell, W R, and Headon, M F Spontaneous H>po- 
gb'cemia Associated with Hepatitis, Brit M J 1 225 1934 
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unne and feces There were no convulsions The attack would end gradually, 
but the patient would remain disoriented for many hours He ivould have no 
memory of the entire incident There had been a gradual reduction in weight, 
from 154 to 130 pounds (from 70 to 59 Kg), m three years There were no 
other complaints 

In 1924 a ruptured colonic diverticulum was repaired, in 1932 subtotal 
thyroidectomy was performed for nontoxic goiter There had never been symp- 
toms referable to either the gallbladder or the hver 

Physical, neurologic and laboratory examinations revealed no abnormalities 
except mild secondary anemia On discharge no etiologic diagnosis was made 
He returned on Jan 6, 1936, stating that his attacks had continued at about 
the same rate The local physician suggested the presence of an intracranial 
lesion, since on one occasion an attack had been quickly terminated by the use 
of 50 per cent solution of dextrose intravenously 

The physical examination again showed no significant abnormality The urine 
was normal The Kahn test gave a negative reaction Examination of the blood 
showed macrocytosis of the red blood cells, a color index of more than 1 and 
a normal amount of hemoglobin Roentgenograms of the skull showed no 
abnormality Several spinal punctures showed normal spinal fluid under normal 
pressure The basal metabolic rates were found to be — 13 per cent and — 3 
per cent, respectively, on two occasions A cholecystogram showed slight visuali- 
zation of the gallbladder, with possible stone The bilirubin value was 2 5 mg 
per thousand cubic centimeters of blood 

At this point our metabolic studies were begun A respiration chamber 
employing the principle of continuous indirect calorimetry by the open circuit 
method was used to obtain respiratory data Frequent cliecks with alcohol 
demonstrated that the method was capable of determining over 99 per cent of 
the gaseous exchange Blood sugar values were determined by the Benedict 
method and urinary nitrogen values by the Kjeldahl method Serum protein 
values were determined by the micro-Kjeldahl method, direct nesslerization being 
employed and appropriate correction being made for nonprotein nitrogen 

The patient was kept in bed and given a diet extremely low in carbohydrate 
(1,600 calories, 17 Gm of carbohydrate and 50 Gm of available dextrose) 
The following morning and for five successive mornings he was found to be 
disoriented and semicomatose or totally unconscious The blood sugar values 
during fasting ranged from 14 to 18 mg per hundred cubic centimeters Rapid 
relief was obtained by the administration of dextrose intravenously 

The following groups of laboratory studies, the numerical data of which will 
be seen in the accompanying charts, seemed to indicate that the hypoglycemia 
was on the basis of impaired hepatic function 

13 Newburgh, L H , Johnston, M W , Wlle 3 ^ F H , Sheldon, J M , and 
Murrill, W A A Respiration Chamber for Use with Human Subjects, J 
Nutrition 13 193, 1937 

14 Benedict, S R The Analysis of Whole Blood II The Determination 
of Sugar and of Saccharoids (Non-Fermentable, Copper-Reducing Substances), 
J Biol Chem 92 141, 1931 

15 Campbell, W R , and Hanna, M I Short Method for Determining 
Albumin-Globulin Ratios in Human Serum, Tr Roy Soc Canada (Sect V, 
Biol sc ) 25 29, 1931 Wu, H New Colorimetric Method for Determination 
of Plasma Proteins, J Biol Chem 51 33, 1922 Koch, F C, and McMeekin, 
T L A New Direct Nesslerization Micro-Kjeldahl Method and a Modification 
of the Nessler-Fohn Reagent for Ammonia, J Am Chem Soc 46 2066, 1924 



CONN ET AL— INFECTIOUS HEPATITIS 


769 


1 Dextrose tolerance tests showed an impaired ability to remove absorbed 
dextrose from the blood stream in the normal length of time This led to a 
high delayed plateau curve similar to that seen in the diabetic state The blood 
sugar levels during fasting, however, at the beginning of the tests were abnormally 
low Such curves can be produced experimentally by hepatic injury 

2 Respiratory data indicated that the oxidation of dextrose was normal both 
in the fasting state and after the ingestion of dextrose This demonstrated that 
the delay in removing absorbed dextrose from the blood stream was due not 
to decreased oxidation of dextrose but to impaired glycogenesis Further, these 
data indicated that the low blood sugar levels of the fasting state were not 
accompamed by increased oxidation of dextrose, as would be expected in hyper- 
insulinism Together these observations suggested that the low blood sugar 
levels of the fasting state were brought about by impaired glycogenesis and 
perhaps impaired glycogenolysis 

3 Bromsulphalein excretion tests showed retention of 90 and 70 per cent of 
the dye (bilirubin, 2 5 mg per thousand cubic centimeters of blood) 

4 Total serum protein values were abnormally low, with inversion of the 
albumin-globulin ratio 

5 Macrocytosis of the red blood cells was marked 

6 Galactose tolerance was impaired 

Before comparing the preoperative and the postoperative data we shall describe 
the data relative to the operative treatment Exploratory laparotomy was done 
on March 9 by Dr F A Coller The pancreas was carefully examined and 
was found to be grossly normal The liver was of normal size but abnormally 
pale Its entire surface was granular, vvnth nodules about 2 mm in diameter 
The gallbladder was distended and contained several large stones and 2 or 3 
ounces (60 to 90 cc ) of thick yellow pus The gallbladder was removed, and 
a specimen of the liver was takeh for biopsy The pathologist reported evidence 
of cholelithiasis A large, soft, pigmented calculus appeared to be made up almost 
entirely of inspissated bile pigment There was active purulent cholecystitis with 
areas of ulceration Granulation tissue was present in the wall of the gallbladder 
The pigment masses in the lumen were of the same nature as those seen in the 
calculus Biopsy of the liver showed active chronic cholangiolitis, biliary cirrhosis, 
cloudy swelling and fatty infiltration but no neoplasm Figure 1 shows a section 
of the specimen of the liver 

The accompanying charts, comparing the preoperative data with those obtained 
during a nine month postoperative period, indicate remarkable improvement in 
the capacity of the liver to deal with dextrose Simultaneously, the other 
indications of abnormal hepatic function disappeared 

The accompanying table shows the respiratory metabolism of the patient and 
that of the control subjects under a variety of conditions The patient’s ability 
to oxidize dextrose was neither decreased nor increased over the normal either 
before or after operation The disturbance, then, could not be said to be one 
of overoxidation of dextrose 

Figure 2 demonstrates the gradual return of the glycogenic function of the 
liver in the postoperative period The absorbed dextrose was then being removed 

16 Coller, F A, and Troost, F L Glucose Tolerance and Hepatic Damage, 
Ann Surg 90 781, 1929 Cross and Blackford "• 

17 Liu, S H , Loucks, H H , Chou, S K , and Chen, K C Adenoma 
of Islet Cells with H 3 ’-poglycemia and Hjpennsulmism Report of Case with 
Studies on Blood Sugar and Metabolism Before and After Operative Removal 
of the Tumor, J Clin Investigation 15 249, 1936 




HOURS 


Fig 2 (case 1) — Chart showing the blood sugar values 
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from the blood stream rapidly Note that as time went on the level of the blood 
sugar during fasting rose from 51 to 81 mg per hundred cubic centimeters, tlic 
patient having been taking the same diet for several days before each test Note 
also that the blood sugar level at the end of the fifth hour showed a progressnc 
rise These observations indicated gradual impiovement in the patient’s abilitj 
to maintain a blood sugar level closer to the normal It is apparent, however, 
that there was still some active disturbance m the function of glycogenolysis 
For curve 4, for example, showing rapid removal of dextrose from the blood 
stream, there must have been an impaired glycogenolytic mechanism which 
blocked the release of dextrose from the liver even in time of need The 


Caibohydiate Oxidiccd in Fom Homs 


Dietary Preparation 
(3 Days Before 

Test) Dextrose Dextrose 

, , Ingested Carbon Oxidized 

Garbo m Dioxide Oxygen Urinary m 
hydrate, Chamber, Produeed, Absorbed, Nitrogen, Chamber, 


Date 

Subject 

Calories 

Gm 

Gm 

Liters 

Liters 

Gm 

Gm 

2/2S/36 

Case 1 

2,800 

150 

50 

52 

61 

1 5 

30 


Control 

2,750 

100 

SO 

50 

68 

23 

31 


Control 

2,750 

100 

50 

51 

57 

24 

42 


Control 

2,750 

200 

50 

56 

03 

25 

44 


Control 

2,750 

200 

50 

51 

58 

19 

37 

4/13/37 

Case 2 

2,400 

200 

50 

67 

79 

50 

39 

5/28/36 

Case 1 

3,000 

500 

0 

61 

76 

20 

29 


Control 

4,200 

500 

0 

62 

75 

2 1 

33 

6/29/30 

Case 1 

2,600 

200 

0 

59 

76 

19 

19 


Control 

2,750 

200 

0 

47 

59 

22 

16 


Control 

2,750 

200 

0 

48 

61 

20 

18 

7/ 1/36 

Case 1 

2,600 

200 

200 

67 

70 

19 

08 


Control 

2,750 

200 

200 

66 

68 

28 

65 


Control 

2,750 

200 

200 

08 

75 

1 0 

03 

7/24/36 

Case 3 

2,000 

lOO 

100 

54 

61 

1 9 

45 


Control 

2,000 

100 

100 

55 

61 

20 

49 

1/20/37 

Case 6 

2,400 

200 

100 

55 

58 

1 6 

54 


Control 

2,750 

200 

100 

56 

60 

23 

54 


Control 

3,000 

200 

100 

59 

69 

17 

49 


Control 

3,000 

200 

100 

60 

67 

21 

52 


improvement in glycogenolysis appeared to lag considerably behind that of 
glycogenesis 

Figure 3 again demonstrates the disturbed glycogenolytic mechanism Although 
the ability to maintain a normal blood sugar level during fasting had returned, 
there was little change in the glycemic response to the injection of epinephrine 

Figure 4 shows the average blood sugar levels during fasting maintained by 
the patient for progressive periods over the 3 "ear of stud}’’ For each period the 
daily blood sugar value during fasting was determined to obtain the average for 
the period Periods VIII, IX, XI, XII and XIV, all falling in the postoperative 
period, while the patient was eating a general diet (about 300 Gm of carbohydrate 
daily), showed a return of the ability to maintain a normal blood sugar level 
during fasting Period I, the preoperative period, with a general diet, showed 
an average fasting level of 58 mg In periods VI and VII impro\ement continued, 
in spite of the fact that the carbohydrate of the daily diet was reduced from 
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Fig 3 (case 1) — Chart showing the blood sugar \ allies 


AVCRACE tasting BLOOD SUCAft TOR PROCRCS^VC PERIODS 
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Fig 4 (case 1) — Chart showing the average levels of the l^iood sugar during 
fasting for progressive periods 
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500 to 200 Gm Periods II, X and XIII represented the response to a sharply 
restricted intake of carbohydrate Although unquestioned improvement had taken 
place in the postoperative period, this appeared to be the most sensitive test of 
complete recovery Without this observation there was little to indicate any 
abnormality in the metabolism of carbohydrate at this stage of recovery In fact, 
by this time all the other evidence suggesting abnormal function of the liver had 
disappeared 

The progressive improvement in the protein level of the blood serum is seen 
in figure 5 The values for total serum protein returned to their normal level, 
and the albumin-globulin ratio, which had been inverted, became normal It 
should be noted here that the bromsulphalem excretion was normal in the last 
three determinations August 7, 15 per cent, October 14, 20 per cent, and 
December 10, 18 per cent retention of the dye The last galactose tolerance test, 



Fig 5 (case 1) — Chart showing the values for blood protein 


on October 14, gave a normal result Macrocjtosis of the red blood cells 
disappeared gradually, and on October 14 the blood was considered normal 

There have been no spontaneous hypoglycemic attacks since operation Since 
the completion of these studies the patient has been carrying on his normal 
activities in apparent good health 

Case 2 — F D, a 55 j'^ear old farmer, was admitted to the University Hospital 
on March 31, 1936 His chief complaints were of swelling of the neck and 
attacks of unconsciousness He had been a resident of Michigan all his life 
and had noted gradual enlargement of the thyroid gland for thirty years There 
was nothing to suggest thyrotoxicosis 

For three j^ears there had been attacks of unconsciousness, eight in all, each 
occurring in the early morning Each was characterized by premonitory weakness 
and instability This was immediately followed by a period of unconsciousness, 
lasting from a few minutes to several hours There were no convulsions Profuse 
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sweating was associated with the attack He had found that eating candy would 
ameliorate or prevent an attack There had been two such episodes in the 
past year 

The past history contributed nothing of significance There had never been 
symptoms referable to either the liver or the gallbladder 

Physical examination showed a well developed, well nourished middle-aged 
man who did not appear ill There was a medium-sized adenomatous goiter 
The heart was of borderline size The chest was otherwise normal The blood 
pressure was 170 S 3 'stolic and 115 diastolic The liver and spleen were not 
palpable There were no other abnormal phj'sical findings 

The urine was normal, and the Kahn test ga\e a negatne reaction On 
repeated examinations the red blood cells showed definite macrocjtosis, there 
was a color index above 1 and the hemoglobin content was normal This suggested 
hepatic disease to the hematologist The blood was otherwise normal \ 
cholecystogram demonstrated complete nonvisuahzation of the gallbladder Roent- 
genograms of the skull showed no evidence of intracranial disease The basal 
metabolic rates were -flS per cent and -f-13 per cent, respectivelj^ on two 
occasions The bilirubin content of the blood was 1 mg per thousand cubic 
centimeters The bromsulphalein test gaie a normal result The serum protein 
values were 6 9 per cent, total protein , 3 8 per cent, albumin, and 3 1 per cent, 
globulin, and the albumin-globulin ratio was 12 The results of the dextrose 
tolerance tests, in milligrams per hundred cubic centimeters, w'ere as follow s 

Hours 

, « , 

Date Hasting 1 2 S 4 

4/1/SC 50 135 202 142 

4/6/36 65 200 242 184 14S 

The patient was kept in bed and fed a low carbohydrate diet (1,600 calories, 
17 Gm of carbohydrate) For the next three successive days the blood sugar 
values during fasting were 26, 28 and 26 mg per hundred cubic centimeters, 
respectively The patient was semicomatose when the blood sugar was at these 
levels and quickly recovered with the administration of dextrose intravenously 
The respiratory data for this patient are given in the accompanying table 
When these data are compared w'lth those for the controls, it is found that the 
oxidation of dextrose by the patient was normal under the conditions studied 
The patient refused operation and has not been heard from since discharge 
from the hospital 

Comment — The evidence piesented seems to justify the inclusion 
of this case m the gioup of cases of hepatogenic hypoglycemia It 
appeals that the disturbance m carbohydrate metabolism was similai 
to that desciibed m case 1 and that the hypoglj^cemia could not be 
explained on the basis of increased oxidation of dextrose 

Case 3 — "W S, a 50 year old laborer, came to the University Hospital on 
July 8, 1936, complaining of peculiar attacks of disorientation of one year’s 
duration The attacks would come on at any time of the day or night and 
recently had been occurring two or three times a week Consciousness was not 
completely lost in any of the attacks There was premonitory blurring of vision, 
followed by tinnitus, marked apprehension, bobbing of the head from side to 
side and occasionally involuntary muscular twitching There were no other 
complaints 
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Since late childhood there had been periodic attacks of jaundice lasting several 
weeks to two months This situation occurred about once a jear, the longest 
period of freedom having been four 3 ears During these periods the stools were 
cla 3 " colored, and the urine was dark There was no associated d 3 spepsia or 
abdominal pain 

Tw^elve 3 'ears preMOusl}”^ he had a primar}^ penile sore, and weekh' anti- 
SA^philitic treatments were gnen for one 3’-ear 

Physical examination showed a well nourished middle-aged man w^ho did not 
appear ill There w'as faint icterus of the scleras and skin The pupils reacted 
sluggishl}’- to light There w'as a generalized shott 3 ^TOphadenopath}" The chest 
was normal The blood pressure w’as 115 s 3 Stohc and 80 diastolic A firm 
margin of the liver could be felt 3 cm below' the right costal margin The spleen 
w'as not palpable The reflexes w'ere normal 

Laborator} examination showed that the urine w as normal The blood show ed 
marked macroc 3 'tosis, a color index above 1 and a normal amount of hemoglobin 
The Kahn test of the blood showed a 1 plus reaction The spinal fluid was 
normal in all respects The bilirubin content of the blood was 17 mg per 
thousand cubic centimeters The bromsulphalein test show'ed 80 per cent retention 
of the d} e The serum protein values w'ere 7 4 per cent, total protein , 3 4 
per cent, albumin, and 4 per cent, globulin, and the albumin-globulin ratio was 
08 A cholecystogram demonstrated complete nonvisualization of the gallbladder 
The results of the dextrose tolerance tests, in milligrams per hundred cubic centi- 
meters, W'ere as follow'S 


Hours 


Date 

Fasting 

1 

2 

3 

4 

4% 

7/ 7/S6 

78 

148 

88 

32 

45 


7/14/86 

91 

230 

184 

88 

28 

32 


For three days after the giving of a restricted carbohydrate diet the blood 
sugar value during fasting w'as 78, 80 and 53 mg per hundred cubic centimeters, 
respectively 

The respirator}' data for this case are given in the accompanying table 

On August 1 exploratory laparotom}' was done A considerable amount of 
clear free fluid w'as present in the abdominal cavity The liver w'as considerably 
enlarged and firm The surface w'as diffusely nodular, suggesting cirrhosis The 
spleen was not enlarged The pancreas was firm and indurated The gallbladder 
was distended and tense No stones w'ere felt The common duct appeared 
normal Specimens of the liver and pancreas w'ere taken for biopsy Cholecjsto- 
gastrostomy w'as done w'lth the hope that internal drainage of the biliary sac 
might be accomplished Postoperatn ely the patient w'ent into shock and died, 
m spite of all supportne measures 

The pathologist gave the follow'ing report The specimen from the liver 
showed active chronic hepatitis, with active regeneration of the hepatic cells, 
leading to an early stage of nodular cirrhosis The hepatic cells were swollen, 
W'lth marked v'acuolation of small groups of cells The hepatic cells showed a 
rich but highl}' variable content of gl} cogen Man} cells contained sufficient 
gtycogen to result in a deep red staining reaction, while other cells were devoid 
of stamable carboh 3 drate The gallbladder showed chronic cholec} stitis with 
fibrosis of the wall The specimen from the pancreas contained small but 
numerous islands The external secretoiw' portion of the pancreas showed slight 
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fatty atroph}^ Examination of the whole organs showed essentially the same 
picture Careful sectioning revealed no evidence of pancreatic neoplasm 

Comment — In this case the pathologic changes were similar to those 
desciibed in case 1 Both the pathologic changes and the disturbance 
in carbohydrate metabolism were less severe The patient’s ability 
to store dextrose as glycogen m the liver, although somewhat impaired, 
appeared to be much less affected than in the 2 piecedmg cases Tins 
was demonstrated by the dextrose tolerance curves and by the presence 
of a considerable store of glycogen m the liver The function of lapid 
glycogenolysis seemed to have been impaired and could account foi 
the periodic hypoglycemic episodes It appears evident that the hypo- 
glycemia, which was well established by the fourth houi in both dextrose 
toleiance curves, could not be explained on the basis of inci eased oxida- 
tion of dextiose in the four hour period (table) 

Case 4 — F P, a 66 jear old farmer, was admitted to the University Hospital 
on Sept 9, 1936, m deep coma The history was meager and unreliable, being 
obtained from relatives About six months before entry he had begun to complain 
of intermittent pain in the right upper quadrant of the abdomen There had 
been no obvious jaundice His appetite had been decreasing, and there had been 
gradual loss of weight for three months Edema of the lower extremities had 
begun about tw'o months before entry and persisted Extreme w’eakness had been 
of two weeks’ duration The night before entry he had gradually lapsed into 
coma There had been no previous periods of unconsciousness The past history 
was not obtainable 

Examination showed a malnourished man of late middle age wdio W'as in 
deep coma There was moderate pallor but no icterus The temperature was 
94 F , the pulse rate 68 and the respiratory rate 16 The blood pressure w'as 
100 systolic by palpation The extremities were cold, and the patient was per- 
spiring profusely The pupils reacted normally to light All the tendon reflexes 
were absent, and no abnormal reflexes were obtained The heart w'as moderately 
enlarged The lungs were clear A mass the size of an orange, hard and freely 
movable, was felt deep m the right upper quadrant of the abdomen The liver 
and spleen could not be felt There w^as edema of the lower extremities, extending 
to the groin and including the genitalia 

The urine was normal The blood show'ed marked secondary anemia, with a 
hemoglobin value of 38 per cent (Sahli) The Kahn test gave a negative reaction 
The nonprotein nitrogen content was 29 6 mg per hundred cubic centimeters 
The carbon dioxide-combining power was 66 volumes per cent The blood sugar 
value was 14 mg per hundred cubic centimeters 

After 100 cc of 50 per cent solution of dextrose was given intravenously 
the patient became conscious and rational on questioning The temperature, pulse 
rate and respiratory rate became normal, but the blood pressure remained low 
A continuous intravenous infusion of 5 per cent solution of dextrose was given 
until 3pm the follow'ing day The patient remained alert and cooperative 
At 10 a m the next day profuse sweating occurred, with a rectal temperature 
of 95 F , and he lapsed into coma The blood sugar value at this time w'as 
20 mg per hundred cubic centimeters Again, a continuous intiavenous injection 
of dextrose was given for the next fifteen hours, with the same dramatic result 
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Eight hours later the patient ^\as again in coma, with a blood sugar reading of 
12 mg per hundred cubic centimeters Dextrose again helped, but generalized 
anasarca progressed rapidl}, and on September 14 respirations ceased 

Postmortem examination showed marked anasarca and poljserositis There 
were terminal hypostatic pneumonia and cardiac dilatation A large, friable, 
fungating, mucoid mass, found to be arising from the duodenal mucosa, com- 
pletely encircled the duodenum It had grown into the head of the pancreas 
The remainder of the pancreas appeared normal The ampulla of Vater was 
patent, and bile was present in the duodenum The common bile duct w'as greatly 
dilated, however The liver was of normal size, and the gallbladder was grossly 
normal 

Microscopically, the mass was found to be adenocarcinoma mucosum, primary 
in the region of the ampulla of Vater The pancreas showed direct extension 
of the neoplasm into its owm substance The islands of Langerhans were small 
There was no evidence of neoplastic pancreatic tissue The liver shoAved chronic 
passive congestion and mild biliary obstruction There was increased stroma in 
the islands of Glisson, with lymphocytic proliferation and infiltration in the bile 
ducts Staining for fat show^ed no lipoidosis The gallbladder revealed thickening 
and inflammatory infiltrations in its wall, fragments of biliary calculi and chronic 
cholecystitis 

Comment — Although no respiratory data were obtainable in this 
case, the pathologic changes indicated that the hypoglycemia was on 
the basis of hepatic dysfunction The changes in the gallbladdei and 
liver were similar to those observed in the previous cases 

We believe that the hypoglycemic status was brought to light in this 
case by the sharply restricted intake of food, which, in turn, was the 
result of an intestinal neoplasm The hypoglycemic response was similar 
to that which we have produced with a restricted diet It seems probable 
that the functional hepatic damage was the result of the involvement of 
the biliary tract It is noteworthy in this case, as in the previous ones, 
that the degree of hepatic damage histologically was not extremely 
marked The functional capacity, however, as regards carbohydrate 
metabolism, was greatly affected 

Case S — T F, a 52 year old housewife, was admitted to the University 
Hospital on Nov 10, 1937, complaining of jaundice For about six years she 
had had symptoms typical of dyspepsia due to disorder of the gallbladder 
Three years previously there began to occur true biliary colic associated with 
transient jaundice On Oct 5, 1936, cholecystectomy was done at the Foote 
Memorial Hospital, in Jackson, Mich Purulent cholecystitis and cholelithiasis 
were present at that time A drainage tube W'as inserted, and pus and bile 
continued to dram for seven weeks postoperatively The wound closed, and the 
patient felt well again until April 1937, when she noticed the onset of progressive 
painless jaundice Nausea, anorexia and lethargy supervened Clay-colored stools 
and dark urine became constant Profuse sweats occurred frequently m the earlv 
hours of the morning for a month before entry There had been no significant 
loss of weight 

The past histor 3 ’' contributed little 

Physical examination revealed a poorly nourished middle-aged Avoman aa'Iio 
appeared chronically ill There AA'as moderate generalized icterus The tern- 
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perature was 102 F , the pulse rate 96 and the respiratory rate 20 The heart 
and lungs were normal The blood pressure was 120 systolic and 80 diastolic 
The abdomen showed a well healed right rectus excision The liver was extended 
about 3 cm below the right costal margin but was not tender The spleen was 
not felt There was no other significant physical finding 

The urine was normal except for the presence of a large amount of bile The 
stools were acholic Except for mild secondary anemia the blood was normal 
The Kahn test gave a negative reaction The bilirubin content of the blood was 
27 mg per hundred cubic centimeters (direct) The serum protein values were 
6 6 per cent total protein, 2 4 per cent albumin and 4 2 per cent globulin , and 
the albumin-globulin ratio was 0 6 On November 12 the dextrose tolerance test 
showed the following values fasting, 60, first hour, 114, second hour, 120, 
third hour, 75, and fourth hour, 33 mg , per hundred cubic centimeters 

On November 20 laparotomy was done The pancreas was normal The Incr 
had an irregular nodular surface suggesting biliary cirrhosis The common bile 
duct was involved in a mass of adhesions and was completely constricted No 
type of reconstruction was possible, catheter drainage to the outside ^\as insti- 
tuted A specimen of the liver was taken for biopsj', and the pathologist reported 
that it showed ascending cholangitis and beginning biliary cirrhoses 

Case 6 — T R, a 51 jear old housewife, was first seen at the Unncrsity 
Hospital on Oct 18, 1935, complaining of attacks of weakness, staggering and 
tinnitus These attacks had come on periodically for fi\e years at anj time of 
the day At the onset the local physician found sugar in the urine, and he 
restricted the intake of carbohydrate somew'hat The glycosuria rapidh disap- 
peared, but the attacks (which w'ere interpreted as hysterical) continued A 
severe attack occurred eight months before entry There had ne\er been loss 
of consciousness, polyuria, pol 3 ''dipsia, polj’-phagia or spontaneous loss of w'eight 
In the past year she had lost 35 pounds (16 Kg ) by caloric restriction 

Physical examination revealed a w'ell nourished middle-aged w'oman who did 
not appear ill The only abnormal physical finding w'as slight enlargement of 
the liver, the edge being firm and extending 2 cm below the right costal margin 
There was tenderness to pressure in the right upper quadrant of the abdomen 
The urine and blood were normal, and the Kahn test gave a negative reaction 
A cholec 3 rstogram showed normal visualization of the gallbladder, wuth a solitary 
semiopaque stone There was abnormal rounding of the hepatic margin A 
dextrose tolerance test showed the following values fasting, 72, first hour, 224, 
second hour, 194, and third hour, 132 mg, per hundred cubic centimeters All 
the specimens of urine except the one taken during fasting show'ed glycosuria 
The patient was discharged on November 14 with a maintenance dietary 
regimen for diabetes without insulin She was considered to have extremely 
mild diabetes, since she tolerated a normal diet without glycosuria 

A year later, on Nov 5, 1936, she returned, having had no glycosuria for 
SIX months with an unrestricted diet She complained bitterly of attacks similar 
to those previously described but more severe She now called these attacks 
“the Jitters ” During the attacks, which came on most frequently in the morning, 
she would experience “inward and outward trembling,” profuse sw'eating and 
intense hunger She found that food relieved the attacks quickly There had 
been infrequent attacks of pain in the right upper quadrant of the abdomen but 
no jaundice 
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The ph}S]cal findings were the same as those of the preMOUS >ear 
A cholec} stogram was made and disclosed faint Msuahzation of the gallbladder, 
in which was seen a solitary semiopaque stone It was noted that there had been 
progressive downward enlargement of the li\er since the earlier examination 
The tabulated results of the dextrose tolerance tests will be given later 

On the third, fourth and fifth days of the restricted carboh 3 drate diet, the 
blood sugar readings during fasting were 42, 57 and 47 mg per hundred cubic 
centimeters, respectively The bromsulphalein excretion and the ralues for blood 
bilirubin, serum protein and red blood cells were normal Two months later this 
same test gave blood sugar levels of 48 and 46 mg per hundred cubic centimeters 
On March 3, 1937, cholecj'stectomj was performed The pancreas w'as grossly 
normal The liver was grossly enlarged and exhibited a finely granular surface 
The gallbladder w'as moderately thickened and contained a large stone The 
gallbladder was removed, and a specimen of the liver w^as taken for biopsy 
The pathologist reported that examination of the gallbladder showed chole- 
lithiasis, a sohtarj-^ concretion being present There W'as slight chronic cholecystitis, 
wnth slight cholesterosis of the mucosal folds The Iner showed slight chronic 
interlobular hepatitis, wuth lymphocytic infiltration of the islands of Glisson 
The inflammator}’’ changes were relatively slight in the specimen studied Staining 
showed irregular distribution of visible fat, the most marked storage being in 
the lobules which also showed the most marked inflammation Staining for 
glycogen showed an abundant deposit, w'hich ivas most marked around the central 
veins 

The results of the dextrose tolerance tests, m milligrams per hundred cubic 
centimeters, w'ere as follow's 

Hours 

f ~ " ■■■ A. ■ — ^ 


Date 

Fasting 

1 

2 

3 

4 5 

10/22/36 

72 

224 

194 

132 


1/14/37 

3/ 3/37 

77 

Operation 

201 

130 

56 

49 

9/14/37 

96 

222 

100 

53 

61 71 

On Sept 

15, 1937, she 

was 

again given 

the restricted 

carbohydrate diet 


After three days the blood sugar value during fasting fell to 38 mg per hundred 
cubic centimeters Preoperative respiratory data indicated that the low blood 
sugar values were not accompanied by increased oxidation of dextrose (table) 

Comment — In this case it appeared that, again, the glycogenolytic 
mechanism w^as the most seriously involved and that, although in the 
later stages the liver appeared to be capable of rapid glycogenosis, 
glycogenolysis remained impaired The presence of large amounts of 
glycogen in the biopsy material from the liver also favored this inter- 
pretation It was evident that glycogenesis was delayed earlier This 
gave rise to the high plateau type of dextrose tolerance curve, w'hich 
led to an erroneous diagnosis of diabetes melhtus Spontaneous gl}co- 
suria had been found on several occasions Oxidation of dextrose was 
found to be normal, however 

It is probable that those cases in which a diagnosis of diabetes 
melhtus has been made and the patient has been said to recover with 
the development of cirrhosis of the lner= w'ere not cases of diabetes 
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mellitus m the true sense It is moie likely that the original hypei- 
glycemia and glycosuria weie eaily manifestations of hepatic dysfunc- 
tion and that the hyperglycemia was due not to decreased oxidative 
ability but to delayed glycogenesis 

COMMENT 

An investigation was made to determine the nature of the distuibed 
caibohydrate metabolism associated with chronic ascending infectious 
hepatitis Six patients weie studied All exhibited peiiods of spon- 
taneous h}poglycemia The glycemic response to ingested dextrose 
was grossly abnormal in several ways A short peiiod of fast or of 
carbohydiate restriction lesulted invariably in seveie hypoglycemia 
Data obtained by indirect calorimetry indicated noimal oxidation of 
dextrose undei all of a vaiiety of conditions Besides the distuibance in 
carbohydrate metabolism, there were clinical and laboratory indications 
that other functions of the liver were also impaired Microscopic exam- 
ination of biopsy 01 autopsy material in these cases showed different 
stages of the same pathologic picture Chionic cholecystitis and ascend- 
ing infectious hepatitis leading to early biliaiy cirrhosis constituted the 
common pathologic change Examination of the pancreas showed no 
abnormality eithei at opeiation oi at autopsy 

We believe that this distuibance in caibohydrate metabolism, 
although common, is frequently unrecognized or wrongly intei preted 
In the eaily stage the glycogenic function of the livei appeals to be 
seriously impaired This- conclusion is i cached as follows In the well 
nourished noimal oiganism, absorbed dextrose is disposed of b}’’ its 
simultaneous oxidation m the tissues and by the convei sion and deposition 
of dextrose as glycogen in the liver and to a lesser degree m the muscles 
Since our patients showed a hyperglycemic response after ingestion of 
dextrose and since they were shown to oxidize dextrose at the normal rate 
under the same conditions, the excess dextrose m the blood stream 
must be explained by impaiied glycogenesis We believe that this 
impaiiment in glycogenesis is one of rate lathei than one of total 
disability since the blood sugai returns to the fasting level foui to five 
houis aftei ingestion of dextrose and since removal of dextiose is not 
explained by increased oxidation The slow late of glycogenesis accounts 
for the prolonged hyperglycemia 

This delayed removal from the blood stieam of absoibed caibo- 
hydrate lesults in postprandial hyperglycemia and glycosuiia Often 
this phenomenon has led to a diagnosis of diabetes mellitus (see cases 
1 and 6) Our demonstration of normal oxidation of dextiose during 
this hyperglycemic period makes this diagnosis untenable Recovery 
of the glycogenic function appears to paiallel the disappeaiance of the 
active infection 
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With the ln^olveme^t of the gl} cogenol3hic function of the h\ei 
periods of hypoglycemia become manifest This situation may be easih 
mistaken for hypennsuhnism Respiratory data obtained during the 
hypoglycemic phase of this disturbance indicate that the low blood sugai 
levels are not the result of overoxidation of dextrose, as is the case in 
true hyperinsulinism That m proved h} perinsuhmsm, o^ eroxidation 
of dextrose can be demonstrated by respiiatory studies has been shown 
by Liu, Loucks, Chou and Chen 

It seems, then, that hyperglycemia and glycosuria simulating diabetes 
melhtus may be a manifestation of one phase of hepatic d}sfunction 
and that periodic spontaneous hypoglycemia may be the manifestation 
of further hepatic injury m the same patient at different times m the 
course of hepatitis This suggests that the hypothetic conception of 
“dysmsulmism,” propounded by Harris to explain hyperglycemia m 
one period and spontaneous h3fpoglycemia in another m the same patient, 
IS probably not the true underlying physiologic mechanism involved in 
many cases Since oxidation of dextrose is normal m both the hyper- 
glycemic and the hypoglycemic phases, it appears that Itypomsuhmsm 
alternating with hypennsuhnism is not the explanation 

Harris also stressed the fact that many patients wuth hyper- 
insuhnism give a previous history of gtycosuria It should be recalled 
that close to 50 per cent of the patients operated on for h3peiinsuhnism 
have failed to disclose pancreatic abnormaht3’^ It is conceded that a 
tiny tumor of the islet tissue may be easily missed at operation But in 
those cases m wLich partial or subtotal pancreatectomy has been done 
when a pancreatic tumor has not been found, the results have been 
notoriously unsuccessful in relieving the h3’^poglycemia Hepatogenic 
hypoglycemia seems a more likely explanation Even though the anatomic 
changes in the liver may be slight, the presence of chronic biliary infec- 
tion ma3’’ lead to marked functional disturbances m the metabolism of 
carbohydrate 

A short period of fast or sharp restriction of the intake of carbo- 
h3^drate gave rise m our patients to extremely low blood sugar levels 
It appears that this response to carbohydrate restriction is a sensitive 

18 Hams, S Nomenclature of Disorder of Insulin Secretion Diabetes 
Hellitus, H 3 'perinsulinism and D 3 sinsulinism , Anahtical Review of Data Relevant 
to Classification and Terminology of Secretory Disorder of the Islets of Langer- 
hans of the Pancreas, Ann Int Med 7 1084,' 1934 

19 Harris, S (a) H 3 'perinsulinism, a Definite Disease Entit 3 Etiolog 3 , 
Patholog 3 ', S 3 mptoms, Diagnosis, Prognosis and Treatment of Spontaneous Insu- 
logenic H 3 pogl 3 cemia (H 3 'permsulinism), JAMA 101 1958 (Dec 16) 1933, 
(b) footnote 18 

20 AVilder, R M , m discussion on Harris,i'’“ p 1964 Conn, J W The 
Ad\antage of a High Protein Diet in Spontaneous H 3 poglycemia, J Clin In\esti- 
gation 15 673, 1936 
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test of the ability of the liver to deal normally with carhohydiate 
When all other indications of impaiied hepatic function had returned 
to normal, this test still demonstrated an inability of the organism to 
maintain a noimal blood sugai level during fasting 

In this type of hepatic dysfunction, all the classic symptoms of 
disease of the gallbladdei or hvei ma)'^ be absent This is well illustrated 
111 several of oui cases Hence, patients who suffei from periodic 
spontaneous hypoglycemia or whose dextiose tolerance curves aie sug- 
gestive of diabetes in association with a low blood sugar level during 
fasting should be investigated foi the presence of infection of the 
biliaiy tract 

The cases of chronic hepatogenic hypoglycemia lepoited m the liter- 
ature have been associated with incurable destiuctue or degenerative 
lesions of the livei It is evident fiom our experience that the condition 
described may be greatly helped or even alleviated to the stage of clin- 
ical CLiie if the diagnosis of infectious hepatitis is made early and if 
appropiiate surgical treatment is instituted 

CONCLUSIONS 

A syndrome is described which is charactei ized b} the piesence of 
low blood sugar values during fasting, postpiandial h} perglycemia and 
glycosuria and periodic attacks of spontaneous hypoglycemia 

Various stages of chronic ascending infectious hepatitis constitute 
the common pathologic lesion 

Such cases have been wrongly inteipieted as examples of diabetes 
mellitus, hypeiinsulmism or dysinsuhnism 

Normal oxidation of dextiose was demonstiated undei all the con- 
ditions studied 

Delayed hepatic glycogenesis and impaired glycogenoh sis appeal 
to account foi the distuibance m carbohydrate metabolism 

The most sensitive test of the presence of this hepatic dysfunction 
IS the occuirence of severe hypoglycemia aftei lestriction of carbo- 
hydrate 

Clinical cure is possible after lemoval of the source of the hepatitis 
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The AVidal test is conceded by certain iinestigatois to be a highly 
iinpoitant pioceduie in the diagnosis of infection due to Shigella dysen- 
teiiae ^ Agglutination of any of this gioup of oiganisms by the seium 
of a patient is said to wanant the diagnosis of past or piesent dysenteiy 
01 of prophylactic taccination, piovided living antigens aie not used in 
the performance of the test 

Intel pretation of the test is subject to ceitain well lecognized sources 
of eiior Healthy peisons frequently possess normal agglutinins for 
S dysenteiiae * The origin of these antibodies is uncertain The lesponsi- 
ble antigens ai e not known “ According to Ai kwright the agglutinins 
usuall} aie not demonsti able m dilutions above 1 100 Gaidnei,® how- 
e^el, found that seium fiom normal persons may agglutinate stiains of 

From tlie Department of Public Health and Preventive Medicine, Cornell 
Unnersity Medical College, and the Graj-^ Laboratory, the Roosevelt Hospital 

1 Davison, W C A Bacteriological and Clinical Consideration of Bacillary 
Drsentery in Adults and Children, Medicine 1 389-510 (Nov) 1922 Gay, F P, 
in Ga^ , F P , and others Agents of Disease and Host Resistance, Springfield, 
111 , Charles C Thomas, Publisher, 1935 

2 Ritchie, T R On the Agglutination Reaction of the Bacilli of the 
Typhoid Dysentery Group wuth Normal Sera, Lancet 1 1257-1260 (June 24) 1916 

3 Te\eh, Z Dj senteneagglutimne. Arch f Kinderh 108 1-13, 1936 

4 Arkwright, J A Agglutination, m A Svstem of Bacteriology' in Rela- 
tion to kledicine. Privy Council, Medical Research Council, London, His Majesty’s 
Stationer\ Office, 1931, vol 6, chap 12, pp 381-423 

5 Gardner, A D The Dysentery Group of Bacilli as a Whole, in A System 
ot Bacteriologv in Relation to kledicine. Privy Council, kledical Research Council, 
London His Majesty’s Stationery Office, 1929, vol 4, chap 3, pp 161-184 



784 


ARCHIVES OF INTERNAL MEDICINE 


Flexnei bacilli in dilutions up to 1 150 The titei of normal agglutinins 
IS said to be laised by such vaiied stimuli as acute infectious diseases, 
tiansfusion and the exhibition of ceitain diugs ® Fuitheimoie, it appears 
that the average normal agglutinin titei foi Flexnei bacilli Aaries in 
different localities according to the lecent or the i emote pie\alence of 
bacterial dysenteiy of this type ^ 

Serologic diagnosis is fuithei complicated by othei factois S-R 
dissociation is known to affect the specificity of the agglutination reaction 
Immunization with an R antigen may produce a seium capable of agglu- 
tinating R 01 partially R dissociants of a numbei of unrelated species of 
bacteria ^ This mechanism has been advanced to explain the phenome- 
non of para-agglutination, which is said to occur fiequently in the couise 
of intestinal infections® This is chaiacteiized by the agglutination of 
organisms othei than the known etiologic agent b} the serum of peisons 
convalescent fiom bacterial infection 

Although inteipietation of the AVidal leaction is thus subject to 
unavoidable eiioi, ceitam of the hazaids can be eliminated The use of 
puie S strains minimizes gioup leaction Utilization of standaidized 
antigens prepared fiom these stiains and tieated with solution of foimal- 
dehyde fiuthei i educes the possibility of nonspecific agglutination'-’ 
Selection of the titei level to be consideied as establishing the diagnosis 
lemains aibitrary, howevei Ritchie," working m England with In mg 
antigens, concluded that definite agglutination at 1 125 for Flexnei 
and at 1 64 foi Shiga bacilli is significant Dudgeon,’'’ using antigens 
treated with solution of foimaldehyde, held that titei s foi Shiga bacilli 
of 1 40 and foi Flexnei bacilli of 1 150 aie diagnostic lie qualified 

6 Rajchman, L, and Western, G T Reports upon the In\estigations in the 
United Kingdom of Dysenter^ Cases Reccncd from tlie Eastern Alediterranean 
II Report upon Eight Hundred and Se\ent\ -Eight Cases of Bacilhr\ Enteritis, 
Privy Council, Medical Research Committee, Special Report Series, no 5. London, 
His Majesty’s Stationery Office, 1917 Martyn, R Wirkung der nicht spezi- 
fischen Faktoren auf den Agglutinationstiter bci Dvscntcnc, Monatschr f Kinderh 
66 16-21, 1936 

7 Havens, L C The Bacteriology of T3'phoid, Salmonella, and Disenteri 
Infections and Carrier States, New York, Commonwealth Fund, Division of Pub- 
lications, 1935 

8 Culbertson, J T Acquired Immunity The Phenomenon of Agglutina- 
tion, in Gay, F P, and others Agents of Disease and Host Resistance, Spring- 
field, 111 , Charles C Thomas, Publisher, 1935 

9 Dudgeon, L S The Dysentery Group of Bacilli B Dysenteriae (Shiga) 
and Schmitz’s Bacillus in A System of Bacteriology in Relation to Aledicine, 
Privy Council, Medical Research Council, London, His Majesty’s Stationerv 
Office, 1929, vol 4, chap 3, pp 184-220 

10 Dudgeon, L S , and others Studies of Bacillary Dysentery Occurring in 
the British Forces m Macedonia, Medical Research Council, Special Report 
Series, no 40, London, His Majesty’s Stationery Office 1919 
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tins, ho^\eve^, by the statement that there is no evidence to indicate 
that an} standard dilution can be accepted as establishing the piescnce of 
infection by the Flexner strains Agglutination of the Sonne bacilh at 
1 25 has been considered significant 

The agglutinin titer seldom leaches high le\els Dudgeon found a 
titei of 1 480 in only 1 of 177 cases of acute Shiga dysenten The 
majority were below 1 200 In only 104 of 211 cases of Flexner dysen- 
teiy did the titer exceed 1 100 In only 6 cases were theie agglutinins 
at dilutions above 1 500 The couise of the agglutinin cunes has been 
little studied except in acute infections Patients uith low titeis rapidly 
los6 their agglutinins during com alescence, provided there is no recur- 
lence of symptoms It is said that the agglutination leaction does not 
parallel the findings on cultuie in chionic d3'^senteiy Glynn and Robin- 
son found that 60 pei cent of the patients who weie excieting Shiga 
bacilli gave a positive Widal leaction On the othei hand, the leaction 
was positive for only 20 per cent of those excreting Flexnei bacilli 


Table 1 — Dmation of Ohscivafwn 


Months 

Xumber of Cases 

0 12 

4 

13 24 

12 

25-30 

12 

37 48 

G 

49 

13 


47 


Delayed convalescence oi i elapse causes the agglutinins to disappeai 
moie slowly Under these conditions they may lemaiii demonstiable for 
a considerable period 

We have obseived fluctuation of the cuives for individual agglutinin 
titeis and discrepancies between these curves and the results of repeated 
culture for a group of patients undei piolonged observation These 
findings have led us to investigate the significance of the agglutination 
leaction in chronic bacillary dysenteiy 

MATERIAL 

Fort} -seven patients presenting cultural or serologic evidence of infection by 
S d}sentenae were studied for periods var}ing from six to fifty-two months 
Flexner or Sonne bacilli were recovered on one or more occasions from 13 of 
these patients The remaining 34 had repeatedly sterile cultures throughout tlie 
peiiod of observation All 47 patients exhibited chronic ulcerative lesions of the 
colon of the t}pe encountered in chronic bacillar} dysenter} 

11 Ghnn, E, and Robinson, A L A Report upon 2,360 Enteritis “Con- 
\alescents’ Received at Liverpool from Various Expeditionary Forces, Jvfedical 
Research Committee, Special Report Series, no 7, London, His Ma;est}’s Stationerv 
Office, 1917 
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Two additional groups of patients were utilised foi control purposes Isolated 
observations, with the same technic, w’Cre made on 103 patients chosen at random 
from those seen in hospital, dispensarj’' and private practice Ihesc patients 
presented a Aaiietj of medical and surgical conditions 

A group in cveess of 50 patients with chronic ulccratne colitis were sub- 
jected to similar repeated serologic and cultural studies, the same technic being 
used The intestinal pathologic condition did not differ from that obser\cd in 
the group of patients constituting the basis of this report The duration ol 
obseriation was likewise comparable 


MErilODS 


Plates of ]\lacConkej'’s medium and eosin and metlnleiie blue agar were 
inoculated directly from the rectal mucosa at proctoscopic evammation After 
twentj-four hours of incubation, suspicious colonies w'crc iiioculaled b\ stab 
into tubes of 0 5 per cent hormone agar Motihti was tested by clouding of the 
semisohd medium and by hanging drop prcpar.itions of eighteen hour broth cul- 
tures Cultures of nonmotile oiganisms were then transplanted b\ stab to 
semisohd sugar mediums, to peptone broth and to bromcresol purple milk Final 
readings foi the sugar and for the milk mediums were made after twenty-one daes 
of incubation at 37 C Organisms conforming to the morphologic and cultural 
characteristics of S djsenteriac were tested against inono\alent rabbit serum 
obtained from animals immunired against S stock strains of Shiga bacilli, sero- 
logic variants of the Flc\ner group and Sonne bacilli 

The follow'ing stock cultures were used throughout these studies 


Shiga ^ 

^ Karim-Kahn 


PB 24 

Flexner ^ 

\ Lcdinglvun 
Logan 


41 


45 

Sonne I 

* E Ledingham 


Obtained from the New York State 
Board of Health 

Obtained through Prof E G D 
Murraj, of McGill Unncrsite 

\mcncaii Tjpe Culture Collection 

Obtained through Prof E G D 
Murray 


The first four Flexner strains and the Sonne strain were subcultures of the 
type organisms used by Professor Murras m his studies of the serologic e.iriants 
of S dysenteriae 

Bacilh presenting the morphologic and cultural characteristics of the Salmon- 
ella group were tested against monoialent paratyphosus A and B rabbit serums 
Blood for agglutination was taken from each patient at irregular intervals 
throughout the period of observation After clotting had occurred, the super- 
natant serum was pipetted off and used for the Widal test 

Standardized antigens prepared from the stock strains of S dvsentenae and 
treated with solution of formaldehyde w'cre used exchisivelj for the agglutination 
tests Agar cultures were transplanted twice daily for ten subcultures Onh 
smooth colonies were transferred The tenth subculture was washed off with 
0 85 per cent solution of sodium chloride containing solution of fornialdehv de 
U S P (diluted 1 100) and stored at ice box temperature The suspensions 


12 Murray, E G D An Attempt at Classification of Bacillus Dysenteriae 
Based upon an Examination of the Agglutinating Properties of Fifty-Three 
Strains, J Roy Armv M Coips 31 257 (Oct -Nov ) 1918 
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were all standardized to contain approximateU 1,000, 000, 000 organisms per cubic 
centimeter except that of Shiga bacilli, which was standardized at 500,000,000 
per cubic centimeter The agglutinabihtj of the antigens was then measured 
m homologous mono^alent rabbit serum of known titer A test was made for 
spontaneous agglutination, at the time each Widal test was made, bj suspension 
m 0 85 per cent solution of sodium chloride Standard agglutination tubes were 
used for all Widal tests Equal parts of serum diluted with 0 85 per cent solu- 
tion of sodium chloride and suspension of standardized antigen were added to 
each tube The antigen serum mixtures were kept in the water bath at 55 C 
for four hours and then at ice box temperature o\er night before readings were 
made In each instance the full titer of the patient’s serum w'as measured as 
shown b} definite though incomplete agglutination The last tube showing definite 
clumping to the unaided e 3 '^e was considered the end point The upper limits 
of the agglutinin titers as determined bj' this method ha^e been used thioughout 
this studj" 

FINDINGS FOR CONTROL GROUPS 

Serum fiom 6 of the 103 patients chosen at landom agglutinated 
some strains of S dysenteriae at a dilution of 1 160 One sample 

Table 2 — AggluUmn Tilei m Thtttecu Cases m Which Cnltw cs Wcie Positive 


Number of Cases 


Titer of Serum 

'shiga Agglutinins 

Sonne Agglutinins 

llc\ner Igglutinins 

1 iO 

4 



1 SO 

1 



1 160 

1 

2 

S 

1 320 


2 

8 

1 040 



1 


•agglutinated at 1 320 Four of these 7 patients gave a histoiy of chiomc 
or recurrent diarrhea One was a healthy laboratory technician who 
was engaged in these studies, 1 had intestinal amebiasis and 1 had sub- 
acute bacterial endocarditis Positive cultures were obtained foi 2 othei s 
ivho gave a negative reaction to the Widal test 

The serum of control patients with chiomc ulceiative colitis without 
exception gave repeatedly negative agglutination reactions and sterile 
culture 

FINDINGS FOR PATIENTS WITH POSITIVE CULTURES 

111 13 of the 47 cases S dysenteriae ivas obtained on culture Flexnei 
bacilli ivere recovered in 11 and Sonne bacilli in 2 cases No case of 
Shiga infection was found The maximum agglutinin titers obseived 
for these patients w^ere not high and were subject to marked lariation 
Only 1 patient show^ed agglutination at a dilution of 1 640 Agglutinins 
for the Flexner strains w^ere most commonly encountered and tended 
to reach the highest levels In only 1 instance were agglutinins foi the 
Shiga bacillus observed at a dilution of 1 160 

The agglutinin curves in certain illustratne cases are discussed m 
detail and presented in giaphic form 
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The serum in 6 of the 13 cases in which cultuie was positive agglu- 
tinated the Shiga bacillus at dilutions of 1 40 oi higher In 5 of these 6 
cases Flexner bacilli were recovered, and in 1 case a Sonne bacillus 
was obtained on culture Partial agglutination at a dilution of 1 160 
was the highest titer observed This coincided with like titers for Flex- 
ner and foi Sonne bacilli and with the isolation of a Flexnei bacillus in 
case 12 (chart 1) This patient was studied for forty-two months 
Flexner bacilli were recovered twelve times After the initial agglutina- 
tion reaction, the Shiga agglutinins disappeaied and were not again 
demonstrable in five subsequent tests 

SERUM TITER 

i/iaao 

l/«40 

I/32Q 

I /iffO 

i/ao 

1/40 


MONTHS 


tt FLEXNER agglutinins 

© SONNE 

@ SHIGA 


Chart 1 (case 12) — A total of twenty-two cultures were made Flexner 
bacilli were present in twelve cultures 

Seium from 4 patients agglutinated the Sonne bacillus In 2 cases 
the titei reached 1 320 and in 2 1 160 Flexner bacilli were recovered 
repeatedly from all 4 patients Neithei of the 2 patients fiom whom 
Sonne bacilli were isolated possessed demonstiable agglutinins foi these 
organisms, despite repeated testing However, only one positive culture 
was obtained foi each 

Case 12 (chart 1) — This patient carried a heavy Flexner infection through- 
out the forty-two months of observation These organisms were recovered on 
twelve of twenty-two attempts Serum from this patient agglutinated Sonne 
bacilli at a dilution of 1 160 at the initial determination, again at twenty-nine 
months and again at thirty-tw'o months Immediately thereafter the titer fell 
to zero and remained there 
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C\‘=E 8 (chart 2) — In this case no Sonne agglutinins were demonstrable at 
four determinations m the course of the first thirt>-fi\c months Four months 
later, after riexner bacilli had been rcco\ercd on three occasions, the titer for 
Some bacilli rose to 1 320, only to fall prompt!} to 7cro, rising again subse- 
quent!} to 1 160 at two succcssne determinations 

Flexner agglutinins were mtanably demonstrable at some time in all 
cases in which these organisms were reco\ered The titer cuive fre- 
quentl} show ed marked and unaccountable fluctuation Agglutination at 
a dilution of 1 640 was observed onl} once (case 2, chart 3) This 
patient was studied for fifty months Flexner bacilli weie recoveied 
twuce in nineteen cultures At the outset no agglutinins for d}sentery 
bacilli were demonstrable Coinciding wuth the first positive culture, 
FJexnei bacilli w'ere agglutinated at a titer of 1 640 Four months 
latei the titer fell to 1 40, followed after two months by a use to 1 320 
Anothei immediate fall, this time to zero, was followed by a third rise, 
1 eaching 1 320 at the last observation It is of interest that this lightly 
infected patient gave the highest agglutinin titei of the group who 
show^ed positive cultures 

In case 8 (chart 2) the initial Flexnei titer of 1 320 dropped to 
zeio for two determinations prior to the reco\ery of Flexner bacilli, 
when agglutinins w^eie again present at a dilution of 1 160 Four 
months later no Flexner agglutinins were demonstrable, although Sonne 
bacilli w^ere agglutinated at a titer of 1 320 A second, sustained rise 
of the Flexner titer to 1 160 and 1 320 coincided with the isolation of 
an unidentified salmonella and Bacillus alcahgenes Flexner bacilli were 
lecovered three times in the course of thirty-four cultuies m fifty-one 
months In case 12 (chart 1) there was a drop in titer fiom 1 320 to 
zei 0 , follow ed by an abrupt secondary rise to 1 320, within a period of 
eight months This patient w^as heavily infected, yielding Flexner bacilli 
111 twelve of tw^enty-tw'O cultuies thioughout a period of fort3'^-two 
months 

Case 1 — -This patient w'as studied for forty-three months At the initial 
observation, Flexner agglutinins were present at a Uter of 1 160 No Shiga or 
Sonne agglutinins were demonstrable Thirty months later Flexner bacilli were 
isolated for the first time The agglutination remained unchanged In the course 
of the ensuing thirteen months Flexner bacilli w’ere isolated on tw'elve different 
occasions At thirt}-tw"o months the agglutinin titer for both Flexner and Sonne 
strains rose to 1 320 and for Shiga strains to 1 80 The Sonne titer remained 
unchanged at thirh-six, thirty-nine and forty-three months Shiga agglutinins 
were absent at thirty-six months and did not reappear The Flexner titer, 
how'e\er fell to 1 160 at thirty-six and at thirty-nine months, rising again 
to 1 320 at the final determination In this case, therefore, there was an abrupt 
and sustained rise of heterologous agglutinins immediately after the first positive 
culture was obtained On two occasions subsequent!} the heterologous agglutinin 
titer exceeded the homologous titer 
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Chart 2 (case 8) — A total of thirty-four cultures were made Flexner bacilli 
were present m three 
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Chart 3 (case 2) — total of nineteen cultures were made Fje^ner bacilli 
were present in two 
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3 This patient \\as studied incoiistanth for forU-nine months Flex- 

ncr bacilh were rcco\ertd twice at the outset Nine subsequent cultures were 
sterile Xo agglutinins for anj of the strains of S dysentenae were demon- 
strable when the two positive cultures w'ere obtained Three months later the 
ricMier titer rose to 1 160, only to fall again to zero at six months and at 
fourteen months Flexner agglutinins were again demonstrable at a dilution of 
1 160 at forty-nine months No agglutinins for Shiga or Sonne bacilli were 
found at anj time In this case, therefore, there was a transitory low homologous 
agglutinin titer shortly after proof of the infection w^as obtained Forty-six 
months later an equal secondary rise was obsen-ed, unaccompanied by cultural 
eiidencc of infection bj’ S dysentenae 

FINDINGS FOR PATIENTS WITH STERILE CULTURES 

In 34 cases in w4iich cultuies tvere consistently steiile, agglutinins foi 
S dysentenae were found at titers usually considered as establishing the 
diagnosis High titer reactions were more common for this gioup 
than for the gioup of patients for tvhom cultures weie positive Moie- 
ovei . the highest titers observed for ‘Shiga, Sonne and Flexnei agglu- 

T ABLE 3 — Agglutinin Tilct m Tim fy-Foui Cases in Which Culinies Wcie Siciile 


Number of Cases 

A 


liter of Serum 

SUiga Agglutmms 

Sonne Agglutinins 

Flevner Agglutinins 

1 40 

9 



1 SO 

0 



1 160 

5 

14 

5 

1 320 

1 

9 

10 

1 040 


6 

14 

1 12S0 



1 


tinins weie found for the gioup of patients with steiile cultures The 
agglutinin curves exhibited similar maiked fluctuations 

In 20 of the 34 cases there w^as agglutination of Shiga bacilli at 
dilutions of 1 40 or higher In 1 instance the titei reached 1 320, 
accompanying a titei of 1 160 for Flexnei bacilli The serum of 5 
patients agglutinated Shiga bacilli at a dilution of 1 160 

Case 18 (chart 4) — This patient w^as studied for tw'enty-six months Seven- 
teen sterile cultures w'ere obtained No Shiga agglutinins w'cre demonstrable at 
the initial determination In the following fourteen months the titer rose to 
1 60 and fell again gradually to zero A secondary rise to 1 80 at sixteen months 
w'as follow'ed by disappearance of these antibodies Throughout the period of 
observation, agglutinins for Flexner bacilli remained at a high titer, accompanied 
by a markedly fluctuating curve for Sonne bacilli 

C\SE 31 (chart 5) — This patient w'as under observation for twentj-five 
months Nineteen sterile cultures w'ere obtained An initial titer of 1 40 for 
Shiga bacilli fell to zero at six months, followed by a rise to 1 160 at seven 
months Three months later Shiga agglutinins were absent, only to reappear at 
a titer of 1 80 at twelve months After this observation thev’ disappeared perma- 
nentlv In this case likevvnse there was a high titer curve for both Flexner and 
Sonne bacilli 
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The cuives for the othei patients exhibiting Shiga agglutinins pre- 
sented essentially the same vaiiations None of the seiums agglutinated 
the Shiga bacillus at a liighei titei than it did the Flexnei oi the Sonne 
strains A like titei for all three organisms was observed iii 3 cases 
In 29 cases there vas agglutination of Sonne bacilli at dilutions of 
1 160 01 above, in 6 of these cases reaching a titer of 1 640 The 
seium of 5 patients contained agglutinins foi Sonne bacilli at a highei 
dilution than for either Flexner or Shiga bacilli In general the Sonne 
agglutinin cuives exhibited similar marked variations of titei 

Case 41 (chart 6) — This patient was observed for twenty-six months, in the 
course of which thirty-nine sterile cultures were obtained Throughout this 
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Chait 6 (case 41) — A total of thirtj'-nine cultures were maoe 

period Sonne agglutinins W'ere present at significant dilutions The first two 

determinations revealed a titer of 1 160 This rose at seven months to 1 320 

and at eleven months to 1 640, wdiere it remained for tw^o subsequent determina- 
tions This w'as follow^ed by a fall to 1 160 and subsequent rise to 1 640 In 

this case also there W'as an irregular Flexner agglutinin curve, w'hich on one 
occasion reached a titer of 1 640 

Case 31 (chart 5) — In this case there w'as a relativeh' smooth cur\e for 
Sonne agglutinins which did not parallel the curves for Shiga or Flexner agglu- 
tinins The Sonne titer rose from zero to 1 160 at six months and to 1 320 at 
se\en months It then fell to 1 160 at ten and at twelve months and to zero 
at sixteen months 

Extreme fluctuations, however, were obsened In case 18 (chart 4) 
there was consistent agglutination of Flexner bacilli at dilutions vaiying 
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from 1 160 to 1 640 This was accompanied by a markedly fluctuating 
cuive foi both Sonne and Shiga bacilli The curve for the Sonne agglu- 
tinins did not parallel the cuives foi the other two organisms Starting 
at zero, Sonne agglutinins lose to 1 160 at eight and at nine months 
and leturned to zero at ten months At eleven months they again rose 
to 1 160 and at twelve months to 1 320, followed by a drop to zero 
at fouiteen months At sixteen months the Sonne bacilli were again 
agglutinated at a titer of 1 160, but a negative leaction wa"s obtained at 
twenty-one months, followed by another rise at twenty-six months 
Seventeen cultures were steiile for S dysentenae 

In 30 of the 34 cases there was agglutination of Flexnei bacilli at 
dilutions of 1 160 or higher High titers were more common for 
Flexner shams than for either Shiga or Sonne stiains In 1 instance 
the Flexner titer reached 1 1,280 The curves of the Flexner agglu- 
tinins showed irregulai ities similai to those of the curves foi the othei 
organisms and did not paiallel the curves of the Shiga and the Sonne 
agglutinins 

Case 18 (chart 4) — This patient presented a Flexner titer of 1 320 on four 
occasions in the first ten months At eleven, twelve and fourteen months the 
curve fell to 1 160 This was followed by a rise to 1 640 at sixteen months, 
another fall to 1 160 at twenty-one months and a further rise to 1 320 at 
twenty-six months The Shiga and the Sonne agglutinins varied markedly during 
the period of observation 

Case 31 (chart 5) — In this case there was agglutination of Flexner bacilli 
at a dilution of 1 320 at the initial determination The titer fell to 1 160 at 
SIX months and rose again to 1 320 at seven months Three months later Flexner 
agglutinins were not demonstiable At twelve months agglutinins were present 
at a dilution of 1 160 The curve then again fell to zero at sixteen and at 
nineteen months, followed by a rise to 1 320 at the last determination 

Case 41 (chart 6) — This patient likewise revealed a fluctuating titer for 
Flexner bacilli m the course of ten determinations over a period of twenty-six 
months Starting at 1 320, the curve fell to zero at two months After the 
isolation of a salmonella agglutinating at low titer in paratyphosus B serum, 
Flexner agglutinins again rose to 1 320 The titer remained at 1 160 at eleven, 
thirteen and fifteen months, again falling to zero at seventeen months The curve 
then rose again to 1 160 at mnteen months and to 1 640 at twenty-four months, 
thereafter falling to 1 320 at the final determination This patient presented a 
consistently higher titer for Sonne agglutinins 

Case 45 — This patient presented the highest titer which we have seen The 
titer for agglutinins for Flexner bacilli reached 1 1,280, and that for Sonne 
bacilli reached 1 640 Cultures of the stool in another institution just prior to 
this finding were sterile, and five cultures of rectal mucosa made during the 
ensuing twelve months also failed to reveal S dysentenae Death occurred at 
the end of this period Postmortem cultures of samples from the colon and the 
ileum were sterile 
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15 This patient was under observation for sexenteen months in the 

course of which fifteen sterile cultures were obtained At the initial determination 
Sonne agglutinins were present at a dilution of 1 640 Comcidentalh a salmonella 
agglutinating at a titer of 1 320 m paratyphosus B serum was isolated At three 
and at eight months no dysentery agglutinins were demonstrable At sixteen 
months Sonne and Flexner agglutinins were present at a dilution of 1 160 One 
month later the Flexner titer remained unchanged, and Sonne agglutinins x\ere 
absent 

Case 17 — This patient was under observation for twenty-four months Sixteen 
sterile cultures were obtained No dysentery agglutinins were demonstrable at the 
initial determination Twelve months later Shiga bacilli were agglutinated at a 
titer of 1 320 and Flexner bacilli at 1 160 At twenty-four months both Shiga 
and Flexner agglutinins were absent However, Sonne agglutinins, prexioush 
not demonstrable, were obtained at a titer of 1 320 

Case 21 — This patient was under observation for sixteen months Eleven 
sterile cultures were obtained The initial Flexner titer xvas 1 160, the titer rose 
to 1 320 at three and at five months and to 1 640 at seven months, where it 
remained constant for three subsequent determinations at eleven, twelve and 
sixteen months Sonne agglutinins were present at a titer of 1 320 at the fiist 
examination, the titer rose to 1 640 at three months, fell to 1 320 at fixe months 
and rose again to 1 640 at seven months At elex'en months the titer dropped 
again to 1 320 and at txvelve months to 1 160 At the final determination it xxas 
again at 1 640 Agglutinins for Shiga bacilli xvere present at a titer of 1 80 

at the first examination, the titer rising to 1 160 at three months There xv^s 

no agglutination at fix’’e, seven and eleven months At txvelve months the titer 
had risen to 1 80, and agglutination xx'as again absent at the last determination 

Case 27 — This patient was under obserx^ation for txventy-txvo months Txxenty- 
fixe sterile cultures xvere obtained No dysentery agglutinins xvere demonstrable 
at the initial determination At five months a Flexner titer of 1 320 xvas found, 
falling to 1 160 at nine months and rising to 1 640 at thirteen months This 
xxas folloxved by a fall to 1 160 at sixteen months and a further rise to 1 320 
at eighteen months and to 1 640 at txx^enty-txvo months Sonne agglutinins xveie 
present at a titer of 1 320 at five months, the titer falling to 1 160 at nine and 
at thirteen months There xvas no agglutination at sixteen and at eighteen 
months, but the titer was again at 1 160 at the final obserx^ation Shiga agglu- 
tinins xvere absent throughout except at five months, xxdien a titer of 1 80 xxas 

found 

Case 35 — This patient was under observation for fifty-two months Thirtv- 
one sterile cultures xvere obtained Three determinations in the fiist thirteen 
months failed to demonstrate agglutinins for dysenter} bacilli At twenty-five 
and at thirty-five months Flexner agglutinins reached a titer of 1 160 This 
rose to 1 320 at forty-two months A fall to 1 160 at forty-five months xxas 
folloxved by a rise to 1 640 at fifty-tw^o months Sonne agglutinins were absent 
throughout except for the final determination, when a titer of 1 160 was found 
Shiga bacilli xvere not agglutinated at any time 


COMMENT 

The data obtained in these studies suggest the need for caution in 
the inteipietation of the agglutination leaction High serum titers do 
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not regulaily accompany chronic infections due to S dysenteriae In 
the course of a heavy long-continued Flexner infection, the patient’s 
seium may contain agglutinins at equal titei for the Shiga, the Sonne 
and the Flexner bacillus Sonne oiganisms may be agglutinated to a 
highei titei than Flexner organisms in the couise of proved infection 
Agglutinins for the Flexner strains may maintain a relatively constant 
level, or they ma)’- fluctuate markedly, often disappearing tempoianly in 
the couise of proved homologous infection 

It has not been possible to con elate the variations in agglutinin titei 
with the associated bacteiial floia, with the clinical condition of the 
patient or with the condition of the lower portion of the colon as seen at 
proctoscopy Moreovei the height of the agglutinin titer does not 
appear to be a measuie of the chromcity oi of the intensity of the 
infection Only two positive cultuies foi S dysenteriae were obtained 
foi the patient with the highest agglutinin titer Of the 9 patients 
presenting agglutinins at dilutions of 1 320 or higher, only 3 yielded 
moie than 6 positive cultuies 

The predominance of liighei titei s foi all three of the stiains of 
S dysenteriae m the cases in which cultuie was sterile is striking Not 
even the most heavily infected patients possessed agglutinins at levels 
frequently found foi patients who lepeatedly yielded steiile cultures As 
was the case in the gioup of patients wuth proved infection, the agglu- 
tinin cuives w^ere subject to marked and iiiegular fluctuation fiom zeio 
to lelatively high levels in the couise of a few months, oi a consistent!} 
using titer -was encountered Fiequently theie was a complete lack of 
paiallehsm between the indnidual agglutinin cuives foi Shiga, Sonne 
and Flexnei bacilli foi the same patient Again, it has not been possible 
to correlate these findings with demonstiable changes in the clinical 
condition, the associated bacterial floia oi the appearance of the mucosa 
of the low er portion of the colon 

Foi both the patients who showed positive cultures and those who 
show^ed steiile cultures, the Flexnei agglutinins wTie demonstrable at 
higher dilutions than the Sonne oi the Shiga agglutinins The Sonne 
agglutinins occupied an intermediate position Agglutinins foi Shiga 
bacilli weie rarely encounteied at dilutions of 1 160 or highei 

Ceitain of these findings laise a question as to the specificity of the 
Widal leaction m chionic dysentery It is more difficult to concede 
specificity in the face of lowei aveiage agglutinin titei s when cultuie is 
positive than wdien it is sterile It is difficult to explain the marked 
variations m the curves observed for both groups of patients The 
association of Sonne agglutinins at equal oi at higher titei s than those 
foi Flexner bacilli in the course of a heavy Flexner infection is con- 
tiaiy to expectation 
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It IS unlikely that noimal agglutinins for S dysenteriae are lesponsi- 
blc for these facts The findings foi the two control groups stiongl} 
suggest that normal agglutinins are not common in peisons living in the 
city of New York and that the}^ do not ordinaril} leacli a high titer It 
IS recognized, however, that isolated obseivations cannot be completeh 
satisfactory, especially m new of the vaiiations in titei obseived in the 
cases under discussion 

The anamnestic reaction may be advanced to explain the persistence 
of agglutinins m the cases in which cultures weie steiile Yet it is 


Table 4 — Associated Bactena in Tint teen Cases in Which Ciiltui cs joi S' 

Dysentenae Wetc Positive 


Bacteria Recovered 

S dyEcnteriae riexner 

S djsentenae Sonne 

Salmonella, unidentified 

Paratypliosus B 

Pyoej aneus 

B coll anaerogenes 

B alcalesecns 

B faecalis alcaligcnes 

Beta hemolj tic streptococci 

Nonhemoljtic streptococci 

Number of Cases 

11 

2 

5 

1 

2 

1 

1 

2 

4 

2 

Table 5 — Associated Bactena ui Thv ty-Foia Cases m 

Which Cnltnie<! foi 

S Dysentenae Wcie Sfei lie 

Bacteria Recovered 

Number of Cases 

Salmonella, unidentified 

16 

Paratypliosus B 

5 

Paratypliosus A 

1 

B morgani 1 

4 

B eoli anaerogenes 

4 

B alcaligcnes 

2 

B proteus 

5 

B fluorescens 

1 

B pyocy aneus 

1 

Beta hemolytic streptococci 

7 

Nonhemolytic streptococci 

7 


unlikely that such a mechanism should frequentty give use to agglutinins 
for S dysentenae at higher titeis than those observed in cases of pioved 
homologous infection 

It IS lecogmzed that sterile cultuies do not constitute pi oof that an 
organism is absent The Flexner bacilli especiall)'’ aie notoriously 
difficult to lecovei The mediums used in these studies, the number of 
cultures taken, the technic of culture and the duiation of the period of 
obseivation indicate that if S dysenteriae was present, the infection 
must ha\e been light 

The possibility that the agglutinins for S dysenteriae may be pio- 
duced as a nonspecific response to infection of the colon b}^ othei t\pes 
of bactena remains to be considered Heterologous R agglutination was 
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guarded against throughout these studies by the use of antigens, tieated 
with solution of formaldehyde, piepaied fiom S strains of known 
agglutinability in homologous and heterologous antidysenteiy labbit 
sei urns 

The possibility of paia-agglutination ® cannot be definitely eliminated 
The cultural studies of these patients included lepeated seaich foi S 
dysenteriae and for othei potential pathogens which might play a lole 
in the production of the intestinal pathologic condition Exclusive of 
Escherichia coh, vaiious members of the salmonella gioup w’^eie recov- 
ered more frequently than any othei species of bacteria (tables 4 and 5) 
These organisms were isolated in 28 of the 47 cases Although this 
constitutes a high rate of incidence, it cannot be inter pi eted to explain 
the production of nonspecific agglutinins Further more, the agglutina- 
tion reactions of these stiains of Salmonella in seium of patients and in 
the monovalent dysentery rabbit seium failed to indicate any cioss 
immunologic relationship betrveen these oiganisms and S dysenteiiae 
It is impossible to confirm oi to refute the potential role of paia- 
agglutination in these cases at present 

The relation between the production of S dysenteriae agglu- 
tinins and heterologous infection rvill be detailed in a subsequent 
communication 

SUMMARY 

• 

Prolonged serologic and cultuial studies indicate the necessity foi 
cautious inter pi etation of the agglutination reaction in cases of chionie 
inflammatory disease of the colon We have repeatedly found agglu- 
tinins for S dysenteriae present at titeis commonly considered to estab- 
lish the diagnosis unaccompanied by cultuial eridence of homologous 
infection Conveisely, no agglutination reactions have been observed in 
cases of proved infection Maiked and unaccountable variations of 
agglutinin titer are the lule in the couise of repeated determinations It 
IS a striking fact that the majoiity of the serums rvhich gave a high 
titer were obtained from patients who consistent^ shorved sterile culture 
for S dysenteriae These observations suggest that agglutinins foi 
S dysenteiiae may develop in response to nonspecific heteiologous 
stimuli 
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RELATION OF AGE TO RENAL PRESSOR 

SUBSTANCE 

EDWARD B GROSSMAN, D 

AND 

JOHN R WILLIAMS Jr, MD 

NASHVILLE, TENN 

Elevation of the blood pressuie is laie in childien, occuis occasion- 
ally 111 young adults and appeals frequently in elderly peisons Ani 
satisfactory hypothesis of the mechanism of hypertension must neces- 
saiily explain the striking vaiiations m the frequency of this disoidei 
at different ages In the couise of an investigation of the possible 
lelation of the lenal pressor substance (the renin of Tigeistedt and 
Beigman to certain types of expeiimental hypei tension, ne haie com- 
pared the sensitivity of rats of different ages to this agent Studies 
have also been made of the amount of piessor substance in the kidneys 
of such rats 

METHOD 

Fresli kidneys of hogs were obtained from the slaughter house The renal 
cortex was separated from the medulla, passed through a meat grinder and then 
ground to a fine paste with carborundum Ninety-five per cent alcohol was then 
added, in a ratio of 9 cc to 1 Gm of cortical tissue The mixture uas allowed 
to stand in the ice box for twenty-four hours or longer and then centrifuged 
while still cold A.fter the supernatant alcohol had been poured off, the residue 
uas treated witli ether and then spread out on flat plates and dried under a fan 
The dry powder was ground in a mortar with 0 5 per cent sodium bicarbonate 
at a temperature of 40 to 45 C After centrifugation the supernatant fluid was 
saved, and the residue was twice reextracted, the total amount of bicarbonate 
solution added being equal to 2 cc per gram of original renal cortex The super- 
natant fluids obtained by centrifugation after the extractions were mixed and 
kept in the ice box until the time of injection 

Rats of known age were obtained either from the Wistar Institute or locally ^ 
The sensitivity of these rats to renal extract was determined as follows Pento- 
barbital sodium (3 or 4 mg per hundred grams of body weight) ivas adminis- 
tered intraperitoneally The abdomen ivas then opened, and a needle (22 to 16 
gage) was tied into the low^er abdominal aorta By means of a three way stop- 
cock this needle could be connected either to a small bore mercury manometer 
for direct reading of the aortic blood pressure or to a sjrmge for the injection 

From the Department of ]Medicine, Vanderbilt Universiti 

This in\ estigation was aided by a grant from the Josiah Macy Jr Foundation 

1 Tigerstedt, R , and Bergman, P G Niere und Kreislauf, Skandinav 
Arch f Phjsiol 8 223, 1898 

2 Dr Karl Mason, of the department of anatomy supplied some of the 
rats need in this w'ork 
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of solution into the aorta A small amount of solution of heparin was injected 
in order to prevent clotting The amount of renal extract given was calculated 
according to the following formula 

(Body weight m ^grams)-/^ X 2 _ centimeters to be injected “ 

It was thought that the body surface, which is proportional to the two-thirds 
power of the weight, would be a more reliable index of dosage than the bodv 
weight It should be noted that the smaller rats received considerably larger 
doses in proportion to the body weight than did the larger rats After the 
injections the blood pressure was read at intervals of fifteen seconds for a 
period of thirty minutes 

The results obtained for a given rat were discarded when (a) the initial 
mean arterial blood pressure was below 90 mm of mercury, (b) the animal died 
within the thirty minute period after receiving the injection or (c) a marked 
decline in blood pressure (below the initial level) occurred before the end of 
the thirty minute period For purposes of comparison the values obtained for 
3 to 6 animals in each age group were averaged 

Prior to the insertion of the needle into the aorta, the kidneys of the rat 
were removed, weighed, ground and treated with 9 volumes of 95 per cent alcohol 
The kidneys of the rats of a given age group were then mixed, and an extract 
was prepared by the same technic as that used for hog kidneys This extract was 
then tested on other rats, according to the technic just described, female rats 
approximately 4 months of age being used 

RESULTS 

In the fit St expeiiment thiee gioups of female lats weie studied, 
then ages being appi oxnnately 10 weeks, 1 yeai and 2 years, respec- 
tively The youngest were decidedly less responsive than the two 
gioups of older rats, the 1 )^ear old animals being slightly moie sensitive 
than the 2 yeai olds 

In the second expeiiment thiee gioups of male rats weie used 
Again the youngest lats displayed the smallest rise in blood piessuie, 
but in this senes the oldest lats (2 yeais) weie somewhat moie sensi- 
tive than the animals of intermediate (1 yeai) age 

A third experiment was then earned out on rats of both sexes 
that weie 6 weeks, 6 months, 1 yeai and 2j4 years old, respectively 
The results of this experiment, which are shown in chart 1, indicated 
again that the youngest lats were the least sensitive The senile 
(2^4 years) rats gave the greatest rises in blood pressure Consistent 
difterences between the rises in blood pressure obtained in the two 
intermediate age groups (6 months and 1 year) were not obseived, the 
values for both of these groups falling between those for the immature 
(6 weeks) and those for the senile ( 2}4 years) animals 

The data were then analyzed from the standpoint of the sex of the 
lats, but no consistent differences between the pressoi responses of 

3 Thus a rat weighing 100 Gm would receive 0 43 cc , one weighing 200 
Gm , 0 68 cc , etc 
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males and those of females of a given age ^^ele noted Accoidmgh, 
all the figures foi animals of the same age groups, regardless of sex, 
weie combined, and the a\erages were computed The cur\es for the 
animals of the intermediate groups (6 months, 1 year and 2 }ears) 
crossed each othei several times (chart 2) and displayed no consistent 
difierences However, the youngest rats (6 to 10 weeks) showed the 
least 1 espouse and the oldest rats (254 years) the gieatest response 
(chait 2) The diffeiences obseived could not be asciibed to \aiiations 
111 the initial blood piessure levels, foi these showed no consistent i ela- 
tion to the age of the animals 

In 01 del to determine ivhether the diftei ences in sensitivit} ivei e due 
to a geneial mciease in sensitivity to pressor agents with nici easing 
age, the aiiinials used in the thud experiment weie given injections of 
1 2,000,000 solution of epinephiine hydrochloride, the doses being 
calculated in the same ivay as wdien renal extract w as used Consistent 
diffeiences in the i espouse to epinephiine of the aiiinials of diffeient 
ages Avere not obseived, the general tendency being foi the oldei ani- 
mals to be slightly less sensitive than the younger ones (chait 1) 

The data weie next anal 3 ved from the standpoint of the body w^eight 
No consistent i elation betw^een this factoi and the sensitivity of the 
animal was observed Thus, for the expeiinient lecoided m chart 1, 
the 6 month old males happened to be laigei than any of the other ani- 
mals Then average body w^eight was 415 Gni , wdiile the averages 
foi the 254 yeai old animals weie 366 Gm foi males and 275 Gin foi 
females How^evei, these senile animals displayed a considei ably 
greatei use 111 blood pressure than did the larger, 6 month old lats 
Fuitheimore, if the iiici eased response of the senile lats and the dimin- 
ished sensitivit) of the immature lats w^eie due mainly to diffeience m 
size, one wmuld expect males to show greater responses than females 
of the same age Such w^as not the case The size of a lat is evidentl) 
less impoitant than its age 111 detei mining its sensitnity to leiial piessoi 
substance 

The pressoi effects of renal extiacts made from rats of diffeient 
ages w^eie conipaied by injecting the extracts into other rats Two 
methods of compaiison weie used 

1 Two lats were given injections of the extiacts of the kidneis of 
lats of each age group, the blood pressure being follow^ed foi tliirt) 
minutes, as in pievious experiments The greatest rise in blood pies- 
suie w'as obtained from the extiact of the kidneys of the youngest rats, 
the least use from that of the oldest rats and the intermediate response 
f 10111 that of lats of intermediate age (chart 3) No significant differ- 
ence was found hetw^een the piessor effect of extiact of kidneys of 
male and that of female lats of the same asre 

o 
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Chart 1 — ^An example of a day’s experiment Each curve represents the 
a\erage blood pressure response of 2 to 5 rats that were given renal extract, as 
explained in the text It will be seen that the young rats are the least sensitive 
and the senile ones the most sensitive and that the curves for the groups of rats 
of intermediate ages fall between the curves for these two groups There is 
overlapping of the curves for the intermediate groups There is no consistent differ- 
ence with regard to sex The column of figures to the left shows the rise in 
mean arterial blood pressure after the injection of renal extract 
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Chart 2— A composite chart of the results of all three experiments As 
shown in chart 1, the old rats are the most sensitive and the young rats the 
least sensitive, and there is again some overlapping of the curves for the inter- 
mediate groups, which fall between those for the oldest and the youngest rats 
The column of figures to the left shows the rise in mean arterial blood pressure 
after the injection of renal extract 
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2 Comparisons -weie made b}- giving a gioup of rats alternate 
injections of the extract of kidneys of 3'oungei and that of older lats 
Because of the marked decrease in response to successive doses, the 
effect of the injection of a given extract v\as compaied with the average 
effect of the preceding and of the succeeding injection of the extract 
to be compared with it Twenty such comparisons were made In 15 
instances the extract of the kidne3^s fiom the younger rats gave a 
greater pressor effect than did that from the older rats In no instance 
was a greater effect obtained from “old” kidney than fiom “3^oung” 
kidney Five comparisons 3 lelded inconclusiv e results , 1 e , the pressor 
responses did not differ 11101 e than 5 mm Four compaiisons were 
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Chart 3 — This chart represents the ai erage rises in blood pressure produced 
by renal extracts of rats of \arious ages m 4 month old female rats It shows 
the oldest rats to ha\e the least pressor substance and the youngest rats the 
most, w'lth the curves for the intermediate rats falling between in their proper 
order The column of figures to the left shows the rise in mean arterial blood 
pressure after the injection of renal extract 

made of renal extiact obtained from the kidneys of male and that of 
female rats of the same age In each instance no significant difference 
was found 

These experiments indicate clearh’- that m rats the amount of renin 
m the kidiie3S diminishes with advancing age"* 

4 Since this report was written we haie found that the kidnejs of cahes 
contain more renin than those of adult cattle 
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The data which have been presented show clearly that with advanc- 
ing age the amount of pressor substance (per unit of renal weight) 
in the kidneys diminishes progi essively The data also show that senile 
lats aie moie responsive and immature rats less responsive to a given 
dose of renin than are lats of intermediate ages ° There seems to be 
lelatively little difference m the sensitivity of gioups of mature lats 
of diffeient ages short of senility, but senile lats are definitely more 
sensitive than mature adult animals 

Whethei renal pressor substance (lenin) is related in any wa}'^ to the 
tendency of elderly persons to show hypertension is not known If 
such a relation does exist, it appears to be concerned with a disturbance 
m the capacity of the older organism to destroy, neutralize, exciete oi 
otherwise oveicome the effects of lenm rather than with increased 
foimation of this substance by the kidney 

SUMMARY 

Extracts containing renal pressor substance (lenin) weie adminis- 
teied to rats of various ages in doses proportional to the body surface 
The youngest rats (6 to 10 weeks) showed the least use m blood 
pressure, the oldest (2^4 years) displayed the greatest piessor effect 
and intermediate responses weie displayed by rats of intermediate age 
(6 months to 2 years) On the othei hand, the youngest lats had the 
most piessor substance in then own kidneys, and the oldest rats had the 
least 

The gi eater sensitivity of the oldest animals to renal piessoi sub- 
stance did not appear to be dependent on a general increase in reactivity 
to all pressoi agents, for the administration of epinephiine produced 
as great a rise in blood pressure m the young as it did in the older 
animals 

The experiments suggest a possible relation between the increased 
sensitivity of senile rats to renal pressor substance and the tendency of 
elderly peisons to show hypertension However, it is concluded that 
no convincing evidence of such a relation exists at present 

5 This statement applies when doses are given according to body surface 
If doses are given according to body weight, the difference between the sensitivity 
of 3 'oung and that of old rats is still greater 



RELATIOX OF REXAL PRESSOR SUBSTAXCE 
TO HYPERTENSION OF HYDRO- 
NEPHROTIC RATS 


JOHN R WILLI A.MS Jr, MD 
R WEGRIA, ^I D 

AND 

T R HARRISON, MD 

NASHVILLE, TENN 

In the couise of investigations concerning the lenal piessoi sub- 
stance (TigeistedPs lenin) we have encountei ed a number of lats with 
spontaneous hydronephiosis Such animals are usually found to have 
an elevation of blood pressure The following investigations were 
undei taken to obtain infoimation concerning the mechanism of the 
use in blood piessure displayed by these animals 

METHODS 

After anesthesia had been induced bj' the intrapentoneal injection of pento- 
barbital sodium, the blood pressure was measured by cannulation of the abdominal 
aorta with a needle attached to a small bore manometer, heparin being used to 
prevent clotting The renal pressor substance was prepared from pig kidneys 
by precipitation with alcohol and extraction with dilute solution of sodium bicar- 
bonate according to the technic described by Grossman J- 

Observations of two different types were made In one senes of evpeii- 
nients the sensitivity of hydronephrotic rats to renal pressor substance was 
compared with that of normal animals of the same size and of approximately the 
same age For this purpose all the animals received doses calculated according 
to the following formula 

Bod, weight X 2 ^ centimeters to be injected 

Aftei this the blood pressure was read from the manometer at frequent intervals 
for thirty minutes In a second series of experiments the pressor effects of hydro- 
nephrotic and of normal kidneys of rats were compared by making saline 
extracts and injecting these into normal rats For this purpose the kidnejs were 
ground with carborundum, a measured amount of 0 9 per cent solution of sodium 

From the Department of Medicine of Vanderbilt Universitj 

This work was aided by a grant from the Josiah Mac\ Jr Foundation 

Fellow' of the Commission for Relief in Belgium of the Educational Founda- 
tion, Inc 

1 Grossman E B A Note on the Preparation of Extracts of the Renal 
Pressor Substance, Proc Soc Exper Biol & Med , to be published 
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chloride was added and the mixture was ground further and then centrifuged The 
supernatant fluid was injected in doses calculated according to the aforementioned 
formula - 

In order to compare the effects of spontaneous and those of induced hydro- 
nephrosis, experiments were also done on rats in which one ureter had been 
ligated two to seven days previously The sensitivity of these animals to standard 
renal extract was compared with that of normal rats, and the pressor properties 
of saline extract of the normal and those of the saline extract of the obstructed 
kidney from the same rat were compared according to the indicated technic 


RESULTS 

The Blood Piesstiie of Hydi onephi otic Rats — A comparison 
between 4 lats with well marked bilateral hydi onephrosis, 5 rats with 
unilateral h 3 '’dronephrosis and 1,207 rats without hydronephrosis is 
shown m chart 1 The values for the blood pressure of normal rats 
weie obtained from animals used in acute experiments in this laborator)'’ 
in which they were kept undei envii onmental conditions similar to those 
of the hydronephrotic rats The chart shows clearly that each of the 
4 rats with bilateral hydronephrosis had well marked hypei tension Of 
the 5 lats with unilateral hydronephrosis, 2 had a blood pressure well 
within the normal range (115 and 125 mm of mercury, lespectively), 
and 3 had a blood pressure at the extreme upper limit of the noimal 
range (155, 155 and 165 mm of mercury, respectively) 

Another difference sometimes noted between the noimal and the 
hydronephrotic lats was the tendency for the latter to exhibit a steady 
spontaneous decline m blood pressure Under the conditions of oui 
expel iments normal rats usually displayed relatively little decline in 
blood piessure during a period of an hour or more Hydronephrotic 
lats, on the othei hand, tended to have a maximal value for blood 
pressure immediately after insertion of the aortic cannula, aftei which 
a slow decline sometimes ensued This difference is illustiated in 
chart 2 

The Sensitivity of Hydi oiiephi otic Rats to Renal Piessoi Substance 
— Since it has been shown in a previous publication from this laboratoiy 
(Grossman and Williams that the age of the animal is an important 

2 In order to allow for a greater amount of fibrous tissue in hydronephrotic 
than in normal kidneys, an attempt was made to estimate the amount of func- 
tioning renal tissue and to add to the abnormal kidneys sufficient saline solution 
so that the final ratio would be approximately 4 cc of salt solution per gram of 
functioning renal tissue, this ratio being used also in the case of the normal 
kidneys Such a procedure resulted in extracts which could not be regarded as 
strictly comparable in a quantitative sense This objection, however, did not apply 
to the experiments done later on rats with one ureter ligated, for here the 
abnormal kidney weighed approximately the same as the opposite normal organ 
of the same animal and contained no excess of fibrous tissue 

3 Grossman, E B , and Williams, J R , Jr Relation of Age to Renal Pressor 
Substance, Arch Int Med , to be published 




70 80 90 100 no 120 '^0 140 ISO 160 170 200 

Chart 1 — A comparison of the^ blood pressures of 9 rats with spontaneous 
hydronephrosis with those of 1,207 normal rats The figure illustrates the occur- 
rence of hypertension in each of 4 rats with bilateral hydronephrosis and in 3 
of 5 rats with unilateial hydronephrosis 



Chart 2 — Sensitn itj of normal and of hj dronephrotic rats to renal pressor 
substance The injection of standard renal extract caused a greater initial rise 
in blood pressure m hj dronephrotic than in normal rats When allowance is made 
for the tendency of the blood pressure to decline spontaneous!}, the hj dronephrotic 
animals also seemed to show a more sustained rise m blood pressure A second 
injection of renal extract llke^\lse produced a greater response than that \shich 
occurred m the control animals The column of figures to the left shows the 
rise in mean arterial blood pressure after injection of renal extract 
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factoi m its sensitivity to lenin, it was necessar}^ foi purposes of com- 
paiison, to make observations on normal rats of appi oximately the same 
size and age as the hydronephrotic animals Such comparisons aie 
shown in chait 2 It can be seen that the initial rise in blood pressuie 
was greater in the hydronephrotic than that in the noimal rats In the 
case of the small rats, with only slight elevation of blood pressure, the 
use tended to be sustained for a longer time than it was in the controls 
Howevei, in the case of the larger rats, with more marked elevation 
of blood piessure, the late of decline after the initial injection was more 
lapid in the controls This rapid decline may have been an aitefact, 
howeA^'er, for, as has been pointed out, the hydronephrotic rats with well 
marked hypertension tended to shoAV a spontaneous deciease in blood 
piessure At the time of the injection of lenal pressor substance their 
blood pressure was not constant but was slowly declining 'Projection 
of the curves of then apparent rates of decline (the dotted lines in 
chart 2) suggests that actually these animals tended to display not 
onl}" a greatei initial use in blood pressure but also a more sustained 
rise than did the noimal controls Furthermore, a second injection of 
lenal pressoi substance produced a distinctly greater rise in blood 
pressure in the hydronephrotic animals The experiments indicate, we 
believe, that hydronephi otic rats are more sensitive than normal ani- 
mals to renal extract 

The Piessor Effect of Saline Extiacts of Hydi onepJu otic and of 
Noimal Kidneys — Chart ZA shows a comparison of the responses 
produced m 3 normal lats by the injection of the extract of kidneys 
from animals with bilateral hydronephrosis with the effects produced 
in 3 other noimal rats by the injection of extract of the kidneys 
from normal rats The extract of the hydronephrotic kidneys caused 
a somewhat greatei initial rise and a markedly greater sustained use 
Cliai t 3 5 to shows three comparisons of the saline extract of normal 
and that of h)'^dronephrotic kidneys from the same rats In each 
instance the extract of the diseased kidneys caused a gi eater rise in 
blood pressure The expeiiments indicate clearly, we believe, that 
extract of hydionephrotic kidneys of hypertensive lats causes a gieatei 
pressor effect Avhen injected into noimal rats than does extract of 
normal kidneys 

Ohseivations Made Aftei Uiefeial Ligation — In oidei to determine 
whether the changes noted in animals with spontaneous hydronephrosis 
would occur when hydronephrosis was artificially pioduced, obser- 
vations were made after ureteral ligation It was found that slight but 
definite hydronephrosis developed within forty-eight hours In the 
first experiment both meters weie ligated in 2 rats Two days latei 
the aorta AA^as cannulated One of the animals died duiing the opera- 
tion The remaining animal was compaied with 3 noimal lats as 
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regards sensitivity to renin This animal displayed a somewhat gi eater 
initial lesponse and a markedly greater sustained i espouse than did any 
of the controls (chart 4) 



X—XT AVERAGE EFFECT • EFFECT ON 

O-oJ ON THREE RATS O Oj ONE RAT 

Chart 3 — Effect of saline extracts of normal and of hydronephrotic kidneys 
on the blood pressure of normal rats Extract of hydionephrotic kidneys had a 
greater pressor effect than did extract of normal kidnejs The column of figures 
to the left shows the rise in mean arterial blood pressure 
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Chart 4 —Sensitivity of rats to renal pressor substances The rat with both 
ureters ligated (the line with crosses indicates the values) displayed a greater 
response to standard renal extract than did the controls (the line with circles 
indicates the average values for 3 normal rats) The figures to the left show 
the rise in mean arterial blood pressure after injection of renal extract 

In oidei to avoid the complicating factoi of uremia, observations 
were made after ligation of one uietei, the sensitivity of the animals 
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Chart S — Comparison of the sensitivity of normal rats (white circles) and 
that of rats with one ureter ligated (black circles) to renal pressor substance 
Unilateral ureteral ligation caused increased sensitivity to renal pressor substance 
The column of figures to the left shows the rise m mean arterial blood pressure 
aftei injection of renal extract 
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Chart 6— Effects of saline extract of the normal (white cades) and that of 
the kidney with a ligated ureter (black circles) from the same rat on the blood 
pressure of normal rats The extract of the abnormal kidney tended to have a 
greater pressor effect than did the extract of the opposite normal kidney The 
column of figures to the left shows the rise in mean arterial blood pressure 
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being determined two days later foi one series of lats and fotn days 
later foi another senes Both series of animals showed a slightly 
greater initial i espouse to lenm and a much moie sustained use in blood 
pressuie than did the controls (chart 5) The aveiage blood piessure 
of 2 rats after ligation of both ureters was 138 mm of mercuiy The 
average of 5 lats each with one uretei ligated was 122 mm, and that 
of 8 control animals was 127 mm 

Comparisons were made between the piessor effect of the saline 
extract of the normal and that of the obstiucted kidney of the same rat 
m 5 instances In each case the immediate pressoi effect obtained fiom 
the kidney with a ligated meter was somewhat gi eater than that pro- 
duced by the extiact of the noimal kidney of the same animal The 
abnoimal kidney also pioduced a somewhat more piolonged piessoi 
effect ‘ (chart 6) 

COMMENT 

The data which have been reported indicate that lats with spon- 
taneous hydronephrosis and lats with hydionephrosis induced by 
uretei al ligation are more sensitive than untreated rats of similai age 
and size to the injection of lenal extract They also show that extiact 
of h} dronephrotic kidneys, when injected into normal rats, tends to 
cause a greater pressoi effect than does a similar extiact of noimal 
kidneys 

Our observations do not make it deal whether the most impoitant 
factor IS increased production m a hydi onephrotic kidney of renal 
pressor substance or increased sensitivity of the lat to this substance 
Perhaps both mechanisms are concerned These cannot be the sole 
factors, however, for most of the lats with spontaneous hydionephiosis 
of only one kidney displayed hypei tension, while animals with one 
ureter ligated, although showing increased sensitivity to renin and an 
increased amount of pressor substance m their kidneys, had no elevation 
of blood pressure Apparently the duration of hydronephi osis is a 
factoi of importance in detei mining whether or not hypertensior 
occurs Whether the hypertension displa}ed by the lats with spon- 
taneous hydronephi osis was actually the result of iiici eased foimation 
of lenal pressor substance or of heightened sensitivity to this substance 
IS uncertain 

SUMMARY 

Rats with spontaneous bilateral hydionephrosis display well marked 
elevation of blood pressuie Rats with spontaneous unilateral hydro- 
nephrosis may or may not have an elevated blood piessuie Hydio- 

4 In several preliminary experiments it was found that the pressor effect 
of the fresh saline extract tended to change markedly after the material had 
stood in the room for several hours Consequently, m these experiments the kid- 
neys of a given rat nere removed, ground and centrifuged, and the extract nas 
injected immediately 
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nephrotic lats respond to the injection of lenal extract with a more 
marked use in blood pressure than do normal rats of similar size and 
age Extract of the abnormal kidneys of lats with spontaneous uni- 
lateral hydronephrosis produces gi eater pressor effects than does a 
similai extiact of the normal kidneys of the same rats Extract of 
the kidne)'^s of rats with spontaneous bilateral hydronephi osis causes 
a greater rise m blood pressure than does extract of the kidneys of 
normal rats 

Ligation of one meter foi a period of several da)s causes slight 
hydronephrosis but no constant use m blood pressure After unilateral 
uieteral ligation the sensitivity of rats to lenal pressoi substance is 
somewhat greatei than that of normal animals Extract of the kidney 
rendered hydronephi otic by ligation of the uretei has a gi eater pressor 
effect than does a similar extiact of the opposite normal kidney of the 
same animal 



FATAL ANAPHYLACTIC SHOCK IN MAN 


JOSEPH ZISKIND, MD 

AXD 

HERBERT J SCHATTEXBERG, MD 

KEW ORLEANS 

Complications arising from the injection of foreign proteins in man 
are relatively uncommon, sudden death following their administration 
may occur, but this is fortunately rare Park has estimated that fatal 
reactions due to serum therapy may take place once in 70,000 cases 
The cases of fatal anaphylactic shock in man leported in the literature 
are few, and those in which an autopsy report is given are much less 
fiequent We feel, therefore, that the report of a fatal case with a 
pathologic study will be of interest, especially since our observations are 
similar to those described m cases of so-called thymic death 

REPORT or A CASE 

M , a Negress aged 39 years, was admitted to the hospital on May 27, 
1937 About seven weeks before admission to the hospital she awoke one morning 
with stiffness of the joints She was unable to raise hei hands to her head and 
had considerable difficulty in walking She stated that for the first four days 
of her illness she had some fever but since then had had a normal temperature 
However, she still had some stiffness of the joints at the time of admission to 
the hospital Her past history was essentially unimportant No history of allergy 
was elicited 

Physical examination revealed a poorly developed and poorl}'- nourished 
Negress who appeared chronically ill The blood pressure was 132 systolic and 
90 diastolic The temperature and pulse rate W'ere normal The pupils were 
equal and reacted to light and in accommodation The conjunctivas w'ere pale 
The nose, ears and mouth were normal The neck and thorax show^ed no 
abnormality The lungs W'^ere clear The heart was within normal limits The 
rhythm was regular, and a soft systolic murmur, which was not transmitted was 
heard at the apex The abdomen revealed no abnormality She had some diffi- 
culty in moving her joints The reflexes were all present and normal but w’ere 
somewhat diminished 

The urine was normal, and a Wassermann test of the blood gave a negative 
reaction Roentgen examination of the joints showed atrophic changes 

It was decided to treat the patient’s arthritis with foreign protein therapy On 
May 29, 1 minim (0 06 cc) of typhoid vaccine was given intravenously She 

From the Department of Pathology, Tulane University School of Aledicine, 
and the Department of Pathology, State Charity Hospital of Louisiana 

1 Park, W H Is Serum Anaphylaxis a Danger of Sufficient Importance 
to Limit Our Use of Protectiv^e Sera in the Treatment or Prevention of Diseases^ 
Tr A Am Physicians 28 95, 1913, Antitoxin in Diphtheria, J A A 76 109 
(Jan 8) 1921 
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leacted to this with a use in temperature to 101 8 F , by the next day the tempera- 
ture was down to normal On June 3, 2J4 minims (0 15 cc ) of typhoid vaccine was 
given intravenously After this treatment she told the intern that she had freei 
motion in the joints and that in general she felt much better About thirty minutes 
after receiving the injection, while sitting on the edge of the bed, she suddenly 
complained of feeling ill and called for aid By the time the nurse reached her 
side, the pulse was imperceptible, and death occurred shortly thereaftei 

Autopsy — The body was that of an underdeveloped and undernourished Negress 
about 40 j-^ears of age, weighing approximately 110 pounds (SO Kg) and measur- 
ing 165 cm in length Moderate postmortem rigiditj was present The skin was 
dark brown and hung rather loosely owing to the loss of subcutaneous tissue 
The joints showed no external abnormality No other changes weie noted on 
external inspection 

The heart weighed 325 Gm The epicardium was smooth and glistening, and 
occasional petechiae could be seen beneath it The right auricle and ventricle 
were markedly distended with blood, and the myocardium of the right ventricle 
\;as somewhat flabby The left auricle and ventricle contained a fe\\ postmoitem 
clots, and their walls were somewhat decreased in consistency The valves and 
the endocardium were normal The coronary vessels were patent thicughout 
The aorta showed an occasional atheromatous plaque 
The thymus gland appealed small and atrophic 

The lungs were gray and voluminous The right lung weighed 475 Gm and 
the left lung 350 Gm Thioughout the pleural surfaces, petechiae could be seen 
When the pleural cavities were opened theie was no evidence of collapse of the 
lungs The lungs were moderately emphysematous, especially around then 
borders The posterior portions of the lower lobes of both lungs \\ere somewliat 
increased in consistency, and their cut surfaces showed some congestion The lest 
of the lung tissue was well aerated The mediastinal lymph nodes weie enlaiged 
and soft and showed some deposit of coal pigment 

The mesenteric vessels Avere congested The spleen Aveighed 125 Gm The 
capsule was blue, and the consistency of the organ was deci eased On section 
the parenchyma was pinkish red, and the malpighian corpuscles were prominent 
The liver Aveighed 1,425 Gm , and the capsule was smooth and transparent The 
consistency of the organ was decreased, and the cut surface showed marked con- 
gestion The right kidney weighed 145 Gm and the left kidney 155 Gm The 
capsules Avere thin and stripped Avith ease, leaving a smooth cortical surface 
The cut surfaces shoAA^ed no distortion of the architecture, but considerable con- 
gestion was present The gastrointestinal tract AA'as markedlj'- congested The 
lymphoid follicles throughout the tract, but especially in the rectum, Avere prom- 
inent The lymph nodes in the mesenteiy of the small intestine and along the 
abdominal aorta Avere enlarged, gray and soft 

The pancreas, adrenal glands, gallbladder, urinary bladder and genital organs 
AAere grossly normal 

The vessels of the dura, sinuses and surfaces of the brain Avere maikedly con- 
gested The leptomeninges Aveie smooth and glistening The gyri Avere not 
flattened, and the sulci Avere Avide and deep The cut surfaces of the brain 
shoAved some congestion 

Microscopic Observations In different microscopic fields of the sections of 
the lungs A'arying changes could be seen In many instances the alveoli Avere 
of normal size, Avhile the alveolar capillaries shoAved a moderate degree of dilata- 
tion In other portions of the sections these capillaries Avere engorged Avith blood, 
and the alveoli Avere flattened (fig I A) No aieas of complete collapse of the 




FiS 1 — section of the lung showing compressed alveoli with congested 
capillaries B, section of the lung showing dilated alveoli and ruptured alveolai 
walls 
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alveoli were noted Areas were also seen where the alveoli were dilated, and in 
some instances their walls were ruptured (fig 1 B) Here and there, areas were 
seen where the alveoli were filled with serum, some red blood cells and an occa- 
sional leukocyte Other alveoli were noted which contained some large mono- 
nuclear cells and a few leukocytes Throughout the lungs the capillaries were 
dilated, but this was least so in the walls of the distended alveoli Many of the 
capillaries contained a moderate number of leukocytes, and among these an occa- 
sional eosinophil could be seen Some arterial walls were slightly thickened, 
and a few arteries were noted which were filled with many leukocytes, mainly 
neutrophils, with an occasional eosinophil (fig 2) The epithelium lining a few 



Fig 2 — A pulmonary arteiy filled with many neutrophils and an occasional 
eosinophil 


bronchioles was arranged m fairly deep folds, and the lumen was slightly narrowed 
Numerous small lymphocytic accumulations were seen in the peribronchial tissues 
throughout the sections 

The sinusoids of the liver were consideiably dilated They were engorged 
with blood and contained a moderate number of leukocytes (fig 3 A) The dis- 
ti ibution of the leukocytes was uneven, m that they were found in greater numbers 
in the sinusoids about the portal canals The central veins were dilated and 
congested with red blood cells and some leukocytes Examination of the leuko- 
cytes within the sinusoids revealed a number of mononuclear leukocytes, a moderate 
number of neutrophils and an occasional eosinophil (fig 3 B) The branches of 






Fig 3 — A, section of the liver showing engorged sinusoids B, a view under 
higher power of hepatic sinusoids showing numerous leukocytes 
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the portal vein were also congested with red blood cells and an occasional leuko- 
cyte The Kupffer cells appeared somewhat enlarged and were sejtarated from 
the adjacent hepatic cells The hepatic cells were enlarged, and their cytoplasm 
was granular and in some areas vacuolated Some of the nuclei were large and 
clear, while others were homogeneously dark A consideiable amount of yellow 
pigment was seen within the hepatic cells, especially the Kupffer cells 

The splenic pulp showed moderate congestion with red blood cells The 
malpighian corpuscles were markedly enlarged and had large germinal centers 
(fig 4) There was no excess of neutrophils within the splenic pulp 



Fig 4 — A splenic corpuscle with a large germinal center 


The myofibrils of the heart levealed no abnormal changes The cioss stna- 
tions were well preserved The blood vessels were slightly dilated and congested 
with red blood cells and an occasional leukocyte 

In the kidneys an occasional hyalinized glomerular tuft was noted The 
capillaries, arteries and veins were all dilated and congested with red blood cells 
The tubular cells showed no pathologic changes 

The glandular epithelium of the rectum was normal All the blood vessels 
were dilated and congested with red blood cells and an occasional leukocyte The 
Ijmphoid follicles were markedly enlarged 

Sections from the brain, adrenal glands, pancreas, thymus and lymph nodes 
showed marked congestion of the blood vessels 
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COMMENT 

The anatomic changes observed m our case agree in many lespects 
with those observed in some animals “ and in human beings ^ after 
anaphylactic death However, postmoitem observations leported m the 
literature on sudden death following injection of a foreign protein 
show no marked constancy Such changes as emphysema with bron- 
chiolai contraction and thickening of the aiterioles of the lung, dilata- 
tion of the right side of the lieait, congestion of the hvei and othei 
internal oigans and enlaigenient of the thymus have been lepoited in 
vaiious cases 

Much expel imental work has been done on anaphylaxis m animals 
The symptoms of acute anaphylactic shock vaiy markedly in the dif- 
ferent species of animals and depend laigely on a difference m the 
undeil3nng pathologic changes occunmg in the respective species The 
difference depends on the location of the “shock organ” or “tissue ” In 
the guinea pig the tissue acted on is the bronchial musculature, which 
contiacts and causes death by asphyxia The “shock tissue” in the 
labbit IS the muscle of the pulmonaiy aiteiy and death occurs as a 
lesult of the cessation of the pulmonary circulation because of 
mechanical inteifeience In the dog the liver is the impoitant “shock 
organ,” and death is brought about by the sudden accumulation of most 
of the animal’s blood in the livei and abdominal veins as a lesult of 
obstruction to the ciiculation in the hepatic vein This obstruction 
is due to contraction of the musculatuie of the vein or to swelling of 
the capillary endothelium, but which is the moie impoitant factoi has not 
been definitely established That the formei is more impoitant is the 
view held by most investigatois This phenomenon causes maiked lowei- 
ing of the systemic blood pressuie, and this is fuither depressed by the 
action of hepatogenous substances on the systemic terminal vessels, 
causing their dilatation 

Much of the work on anaphylaxis in dogs has been done by Weil ~ 
The changes that he obseived were similai to those noted m the case 
heiein reported It seems likely that the cause of death in this case was 
due to a fall m blood pressure caused by dilatation of the sinusoids 
of the liver and of the abdominal veins and possibly of the capillaries 
of the lung This diop in blood pressure caused anoxemia of the 
respiratory centers m the medulla with cessation of respiratoiy move- 
ments, and cardiac failure The collection of leukocytes in the liver 
and lung may be i elated to the leukopenia of the peripheral blood 
obseived in cases of anaphylactic shock, and the eosinophils noted 
suggest an allergic background 

2 Weil, R Studies m Anaphylaxis XXI Anaphylaxis in Dogs , a Study 
of the Liver m Shock and in Peptone Poisoning, J Immunol 2 525, 1917 

3 Dean, H R The Histology of a Case of Anaphylactic Shock Occurring 
in a Man, J Path & Pact 25 305, 1922 
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Cases have been reported of fatal anaphylactic shock in man in 
which the mechanism was that of the “guinea pig type,” ^ namely, bron- 
chiolospasm with respiratory failure It may theiefore be assumed that 
the mechanism in man may vaiy m different cases, being of one of at 
least two types, either the bronchiolospastic or the splanchnic type 
Waldbott ° has made some inteiesting observations concerning the 
relation between anaphylaxis and status lymphaticus He studied a 
numbei of cases m which the diagnosis of “thymic death” had been 
made and observed uniform changes m the lungs, namely, edematous, 
hemorihagic aieas in the alveoli, emphysema alternating with atelectasis 
and occasional eosinophilic cells These changes were similar to those 
leported in the literature in many cases of fatal anaphylactic shock in 
man He observed similar changes in the lungs of infants with true 
alleigic asthma Waldbott and Anthony‘S have noted, further, that in 
childien with enlaigement of the thymus, true alleigic asthma develops 
later in life Waldbott " has suggested that “thymic death” may be 
a pieallergic phenomenon which is probably identical with anaphylactic 
shock, as the body has not yet set up a sufficient defensive mechanism 
against the invading antigen, the patient theiefoie dies suddenly instead 
of having an asthmatic attack 


SUMMARY 

A case of fatal anaphylactic shock following the second intiavenous 
injection of a foieign piotein is lepoited, with necropsy observations 

The gross pathologic changes weie maiked congestion of the livei 
and more model ate congestion of the othei organs Geneial enlaige- 
ment of the lymph nodes and a persistent thymus gland were also noted 

The significant mici oscopic changes were dilatation and congestion 
of the hepatic sinusoids and the alveolar capillaries of the lungs Theie 
was an apparent lelative increase in the leukocytes and the eosinophils 
within these vessels The alveoli weie compressed in some aieas and 
dilated in othei s, and in some instances then walls were ruptured The 
malpighian corpuscles of the spleen weie inci eased m size and had 
large geiminal centers 

It IS suggested that the mechanism of death in this case was of the 
so-called “dog” type, namely, capillary dilation, especially of the liver, 
with a corresponding fall in blood piessure and cardiac failure 

4 Sheppe, W M Fatal Anaphylaxis in Man, J Lab & Clm Med 16 372, 

1931 

5 Waldbott, G L So-Called “Thymic Death” VI The Pathologic 
Process in Thirty-Fom Cases, Am J Dis Child 47 41 (Jan ) 1934 

6 Waldbott, G L, and Anthony, G E So-Called Thymic Hyperplasia 
IV A Follow-Up Study of Thirty Cases, Am J Dis Child 47 34 (Jan ) 1934 

7 Waldbott, G L The Allergic Theory of So-Called Thymic Death, 
JAMA 105 657 (Aug 31) 1935 



CORONARY OCCLUSION WITH AND 
WITHOUT PAIN 

ANALYSIS OF ONE HUNDRED CASES IN WHICH AUTOPSY WAS DONE 

WITH REFERENCE TO THE TENSION FACTOR IN CARDIAC PAIN 

L W GORHAM, MD 

AND 

S J MARTIN, MD 

ALBANY, N Y 

In the eaily }eais of the clinical lecognition of coionaiy occlusion, 
sLibsteinal or epigastiic pain of at least seveial hours’ duiation was 
consideied to be a chai actei istic feature Subsequent obseivations have 
shown not only that this type of pain may be closely simulated by 
other conditions, such as acute suigical disordeis of the abdomen, 
pulmonary embolism, dissecting aneuiysni of the aorta, mteistitial 
emphysema and pneumothoiax, but also that painless occlusion of the 
coionaiy aitery may occur in a certain number of cases, with dyspnea 
leplacing pain most fiequently as the piesenting symptom The clinical 
pictuie heie is that of failure of the left ventiicle, followed by con- 
gestive heart failure In a still smaller percentage of cases the severe 
initial anginal pain may be replaced by symptoms suggesting a cerebral 
vascular lesion, such as sudden weakness, dizziness, s} ncope and uncon- 
sciousness, or by gastrointestinal features, such as nausea, vomiting, 
distention, obstipation and abdominal pain The lather high incidence 
of cardiac infaiction without pain is not, however, geneially lecogmzed 
Recently the number of published lepoits dealing with this fact has 
been inci easing White, ^ for example, has emphasized the impoitance 
of the nonpainful featuies of coionaiy occlusion, and the lather fie- 
quent occurience of cardiac infaicts without pain is evidenced by 
numerous case reports” To our knowledge, few lepoits of large senes 

From the Department of Medicine and the Department of Physiologj’’ and 
Pharmacology, Albany Medical College, Union University 

Presented m abstract form at the Fifty-Third Annual Meeting of the Associa- 
tion of American Physicians, Atlantic City, N J, May 3, 1938 

1 White, S M Non-Painful Features of Coronary Occlusion, Ann Int Med 
8 690-700, 1934 

2 (a) Barnes, A R Acute Coronary Occlusion Without the Characteristic 
History of Anginal Pain Course, Treatment and Electrocardiographic Findings, 
M Chn North America 18 477-489, 1934 (b) Bramwell, C British Medical 

Association Lecture on Coronary Occlusion, Brit M J 1.681-685, 1930 (c) East, 

C F T , Bam, C W C, and Cary, F L Cardiac Infarction Without Pam, 
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of cases with autopsy data have thus far been published in which this 
particular point is consideied Wearn,® foi instance, repoited that in 
53 per cent of 19 cases, the diagnosis being confirmed by necropsy, 
there was absence of pain In a series of 76 cases, with autopsy per- 
formed in 53 cases, Davis ^ found pain present in 21 cases (40 pei 
cent) and absent in 21 cases (40 per cent), sudden death pi eventing 
the recording of an adequate histor)'^ regarding pain in 11 otheis If 
these cases are excluded, painless occlusion occuiied in 50 per cent 
of this series Recently Biuenn, Tuinei and Levy ° concluded fiom a 
chnicopathologic study of 476 cases of disease of the coronal) aiteiies 
that the incidence of cardiac pain vanes, depending on the type and 
the location of the fundamental lesion Thus 12 (39 pei cent) of a 
group of 31 patients with proved thiombosis had pain, and 19 (61 per 
cent) did not Katz and his associates® reported that theie was no 
history of pain m 13 of a gioup of 34 cases in which the heait was 
examined post mortem, an incidence of 38 pei cent Kennedy," in a 
recent communication, suggested that the occurrence of coronaiy throm- 
bosis without any painful oi uncomfortable sensations is by no means 
as common as has been desciibed m the foregoing lepoits In a senes 
of 200 cases in which theie weie 109 old and 142 recent infaicts, he 
found, after excluding 48 cases because of unsatisfactory histones, that 
“Ninety-one per cent of the recent and 64 per cent of the old infarcts 
had the classical pain of a coronaiy attack ” 

Lancet 2 60-63, 1928 id) Herrmann, G R Synopsis of Diseases of the Heart 
and Arteries, St Louis, C V Mosby Company, 1936, p 214 (c) Parkinson, J , 

and Bedford, D E Cardiac Infarction and Coronary Thrombosis, Lancet I 4-11, 
1928 if) Smith, H L, and Brink, J R Acute Coronary Thrombosis Without 
Characteristic Pain and Without Symptoms of Shock, Minnesota Med 19 346-349, 
1936 ig) Stenn, F Painless Coronaij'- Occlusion, Illinois M J 67 381-382, 
1935 ih) Menard, O J , and Hurxthal, L M Painless Coi onary Thrombosis 
as a Post-Operative Complication, S Clin North America 11 395-401, 1931 
it) Boyd, L J , and Warblow, C W Coronary Thrombosis Without Pain, 
Am J M Sc 194 814-824, 1937 

3 Wearn, J T Thrombosis of the Coronary Arteries with Infarction of 
the Heart, Am J M Sc 165 250-276, 1923 

4 Davis, N S, HI Coronary Thrombosis Without Pain Its Incidence and 
Pathology, J A M A 98 1806 (May 21) 1932 

5 Bruenn, H G , Turner, K B , and Levy, R L Notes on Cardiac Pain 
and Coronary Disease Correlation of Observations Made During Life with 
Structural Changes Found at Autopsy in Four Hundred and Seventy-Six Cases, 
Am Heart J 11 34-40, 1936 

6 Saphir, O , Priest, W S , Hamburger, W W , and Katz, L N Coronary 
Arteriosclerosis, Coronary Thrombosis, and the Resulting Myocardial Changes, 
Am Heart I 10 567-595 and 762-792, 1935 

7 Kennedy, J A The Incidence of Myocardial Infarction Without Pam in 
Two Hundred Autopsied Cases, Am Heart J 14 703-709, 1937 
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Oui own clinical impression that painless closure of the coronal y 
aitery was not infiequent has been confirmed by an analysis of a series 
of 100 cases in which autopsy was performed The generally accepted 
theories of cardiac pain do not offer a completely satisfactory expla- 
nation, in our opinion, for the presence of pain m some instances of 
cardiac infarction and its absence m others The present study was 
undertaken, theiefore, m order to con elate the clinical and the patho- 
logic data in a large series of pioved cases, with the hope that some 
light might be shed on the factois concerned in this pioblem 

CLINICOPATHOLOGIC STUDY 

The patients included in this analysis weie diawn from the medical 
seivice of the Albany Hospital and from the piivate sei vices of a 
number of our associates^ The complete pathologic lepoits, made by 
membeis of the department of pathology of the Albany Medical College, 
weie placed at our disposal by Prof A W Wiight During the years 
1917 to 1937, 3,040 postmortem examinations were peiformed m this 
depaitment, and the diagnosis of coronary thrombosis or cardiac infarc- 
tion was made in 140 instances (46 per cent) We have used the 
teim coionaiy occlusion because it is moie comprehensive It includes 
obstiuction of the coronary arteiy due to thrombosis, fibrotic nairoivmg 
and embolism The result of such obstiuction is a cardiac infarct, pio- 
vided sufficient time elapses befoie death for its development The case 
histones of these 140 patients weie caiefully reviewed, together with 
the autopsy protocols, and the piimary cause of death was established 
in each case This pioceduie lesulted m the elimination of 40 cases 
for the following reasons (1) 8 examples of the focal or embolic 
type of scarring in the m}Ocaidium wnth infaicts less than 1 cm in 
diameter, (2) 25 instances of old or lecent caidiac infarction in which 
death was due cleaily to some other pathologic condition, such as pneu- 
monia, peritonitis, postoperative shock, fractme of the skull, cerebral 
hemorrhage, multiple pulmonary mfaicts, advanced pulmonary tuber- 
culosis, carcinoma of the prostate, diabetic coma, uremia, septicemia or 
pneumococcic meningitis, and (3) 7 instances of sudden death due to 
cardiac infaiction in which recoids of the histoiy, physical examination 
^ or medical observation befoie death were lacking This left a group of 
100 patients, coronary occlusion being the primaiy cause of death in 
80 instances, a definitely contributory cause m 15 and a probable cause 
in 5 Gross infarcts, measuring more than 1 cm in diameter, with 
palpable areas of softening or fibiosis in the myocardium, were present 

8 The following physicians gave us permission to include their cases in this 
study Drs G E Beilby, K E Crounse, J L Donhauser, A W Elting, F N 
Guyer, J L Hemstead, H H Hun, F B Maguire, C E Martin, Thomas Ordway, 
A H Traver, J A Sampson, A H Stem, C K Winne Jr and L H Ziegler 
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m all except 2 cases, in which the thrombosis of the coronal y arteiy 
had apparently been too recent for infarction to occur Pulmonary 
infaicts secondary to cardiac infarction were found in 15 instances 
There was only 1 case of true syphilitic aortitis m the senes with 
actual destruction of the media of the arterial wall There were 2 
examples of old rheumatic heart disease, with superimposed arterio- 
sclerotic heart disease There was 1 instance of periaiteiitis nodosa 
Arteriosclerotic changes in the coronary arteries of the same geneial 
nature were present in the entire series, with the exception of the afore- 
mentioned case of periarteritis nodosa It was not possible to separate 
sharply the cases of h 3 ^pertensive cardiovasculai disease with marked 

Table 1 — Analysis of Chnical Findings for One Hundred Patients with Coionaty 

Occlusion with Cardiac Infaictwn 
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* One patient had periarteritis nodosa 

coronary sclerosis from those of puie arteriosclerotic heait disease 
with changes m the coionary arteries but no hypei tension Most of 
the patients weie admitted to the hospital with a falling or low blood 
pressure 

For the puipose of analysis these 100 patients weie divided into 
two groups (1) those who had cardiac pain in the final attack and 
(2) those who did not Certain pertinent clinical facts weie then cor- 
related with the postmortem leports, and the lesults aie summaiized 
in tables 1 and 2 In the first group were included all patients who 
complained of pain even of minimal degree in the substernal, piecoidial 
or epigastric region, as well as in the shoulders, arms, wrists, jaws or 
scapulas Vague discomfort or a sense of pressure or constriction in 
the chest was not recorded as pain No systematic study was made 
of the relative sensitivit)'- to painful stimuli of the patients m these 
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two gioups Although such dififerences, as pointed out by Libman,® 
undoubtedly exist, it is to be noted that seveial of the patients who 
died in a painless attack of coronary occlusion had been pieviously 
seen by us when they complained of severe pain because of other con- 
ditions, such as herpes zoster, tabes dorsalis and caibuncle Fuithei- 
more, it seems probable that although the seventy of cardiac pain may 
be definitely less in some hyposensitive patients, it would not be safe 
to assume that this reduced sensitivity could alone explain the complete 
absence of cardiac pain in certain fatal attacks of coronary occlusion 
In addition to this, 19 per cent of the patients included in the second 
gioup, as will be desciibed later, gave a history of definite anginal 
pain pievious to the final fatal attack 

INCIDENCE, AGE AND SEX 

In our series of 100 patients with coionary occlusion, 42 suffered 
fatal attacks which were unaccompanied by pain, while the remaining 
58 complained of cardiac pain of vaiying location, intensity and duration 
It is to be noted that 30 of the 40 patients excluded foi the reasons 
previously indicated did not have pain Had these been included in 
the senes the percentage of cases of painless infarcts would have been 
considerably greater In 66 per cent of the cases death occurred 
between the fiftieth and the seventieth year Males apparently tended 
to die about a decade earlier than females, the peak mortality for the 
former being reached at approximately 55 yeais and foi the latter at 
65 years (chart 1) Of the 58 patients who died in a painful attack 
of coronary occlusion, 43 (74 per cent) succumbed between the ages of 
50 and 70, while of the 42 patients who died without pain, 23 (55 per 
cent) succumbed in the sixth and seventh decades For the moie 
advanced decades, aged 70 to 90, painful occlusion occuired in 9 of 
58 patients (16 per cent) and painless occlusion in 15 of 42 patients 
(36 per cent) Thus it appears that painful attacks tend to occur some- 
what more frequently in the earlier decades (51 to 70 years) and 
that painless seizures show a higher incidence in the advanced decades 
(71 to 90 years, chart 2) Males experienced their fatal and painful 
coronary occlusion ten yeais earlier than did females (chart 3) The 
same relation between the sexes existed in the gioup with painless 
attacks (chart 4) 

HISTORY OF PRECEDING ATTACKS 

In studying the past histones of the 58 patients in group 1, who 
died in a painful attack, it was inteiesting to find that 35 (60 per cent) 
had been the subject of one oi two pievious painful seizures and 23 

9 Libman, E Observations on Individual Sensitiveness to Pain, JAMA 
102 335-341 (Feb 3) 1934 
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(40 per cent) had never before suffered fioni severe stenocai dia 
Of the 42 patients comprising group 2, who died in a painless attack, 
thei e was a history of preceding anginal pain for only 8(19 per cent) , 
with no record of its occuiience in 34 (81 per cent) It seems that if 



Chart 1 — Age-sex correlation ui 100 cases of coronary occlusion 



Chart 2 — Age-sex correlation of painful and painless coronary occlusion 

a patient with progressive disease of the coionary arteries has one oi 
more attacks of severe substernal pain and recovers, he is more likely 

10 It was not possible to conclude whether the pain was that of coronary 
occlusion or of angina pectoris in many cases 
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than not to suffer pain in his last or fatal attack On the other hand, 
if advancing disease of the coronar}'^ arteries manifests itself only by 
dyspnea and diminishing cardiac function, the patient so afflicted is 
more prone to die with a painless cardiac infarct This deduction 
is similar to that of Bruenn and his associates,® who reported that in 
their experience the patients who had no symptoms piior to the acute 
episode were most likely not to have pain associated with it 



Chart 3 — ^Age-sex distribution in 58 cases of painful coronary occlusion 
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Chart 4 — ^Age-sex distribution in 42 cases of painless coronary occlusion 

DYSPNEA 

Dyspnea was the outstanding symptom of only 9 (15 per cent) of 
the 58 patients in group 1 (patients with painful occlusion) In con- 
trast with this, dyspnea, although often present in the remaining 49 
patients (85 per cent) of this group, was overshadowed by pain In 
group 2, comprising 42 patients with painless occlusion, there were 
26 instances (62 per cent) in which dyspnea was the dominant symp- 
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tom In 16 cases (38 pei cent) dyspnea when present was of minor 
degree Fiom this evidence one may see that when pain occuis in 
cardiac infarction this symptom overshadows dyspnea in more than 
four fifths of the cases Conveisely, it is clear that m coronary closuie 
unaccompanied by pain, dyspnea becomes a rather prominent and out- 
standing s}mptom in approximately two thirds of the cases This 
observation is m accord with that oiiginally made by Obrastzow and 
Straschesko,^^ who stated that d3^spnea may be the pain equivalent 

HYPERTENSION 

In gioup 1 there weie 21 patients (36 per cent) with a histoiy of 
preceding hypertension, while m group 2 there weie only 7 (17 per 
cent) Of a total of 28 patients in the two groups with a history of 
preceding hypertension, 21 (75 per cent) had pain accompanying 
coronar}^ occlusion It appeals that pievious hypertension is about 
three times more frequent in the group of patients who had painful 
attacks 

PERICARDIAL FRICTION RUB 

A pericaidial friction rub was heard m 7 patients (12 per cent) 
belonging to group 1 and in 1 patient (2 per cent) m group 2 Of a 
total of 8 instances m which audible friction was recorded, 7 (88 pei 
cent) occuried in patients with painful occlusion (group 1) Although 
the evanescent nature of this clinical sign is fully appreciated, it appears 
to be decidedly moie common m patients experiencing painful cardiac 
infarction 

TYPE OF INFARCTION 

The 98 patients wei e divided into tin ee classes, viz , class A, 
those showing recent or acute infarcts, class B, those presenting old or 
healed infarcts, and class C, those having both acute and old infarction 
In group 1, comprising 57 patients with painful coronary occlusion, 
there were 20 with acute infarcts (35 per cent), 11 with old infarcts 
(19 per cent) and 26 (46 per cent) with combined acute and old 
infarcts Combining classes A and B, one finds that acute infarction 
was present actually in 46 of the 57 patients (81 per cent) m group 1 
and old infarction in only 11 patients (19 per cent) 

In group 2, including 41 patients with painless coronary occlusion, 
there were 5 (12 per cent) with acute, 18 (44 per cent) with old 
healed infarcts and 18 (44 per cent) with the combined type of infarct 
(acute and old) Combining classes A and C, it is seen that 23 patients 

11 Obrastzow, W P , and Straschesko, N D Zur Kenntnis der Thrombose 
der Koronarterien des Herzens, Ztschr f klin Med 71 115-132, 1910 

12 Two patients did not have a gross infarct, death occurring before it 
developed 
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(56 pex cent), oi slightly over half of those in gioup 2, had acute 
infarction but in spite of this did not expeiience pain 

Viewed in another way, of the total of 69 patients with actual acute 
infaiction in the entne seiies, two-thiids were in gioup 1 and one- 
third in group 2 Of 29 patients with old infarcts, howevei, appioxi- 
mately two-thirds fell in gioup 2 and one-third in group 1 Thus it 
appeals that while acute infarcts tend to be accompanied by pain and 
old ones do not, theie must still be some othei factoi conditioning 
the production of pain m coronal y occlusion Kenned}," as previously 
stated, found m a series of 200 cases that pain was more frequently 
present with recent than with old mfaicts 

LOCATION OF INFARCT 

Cardiac infaicts weie present most fiequently m the anteiioi apical 
legion The incidence of infaiction located in this aiea in the patients 
with painful attacks and in those without them was almost identical 
gioup 1, 39 patients (67 per cent) , gioup 2, 26 patients (62 per cent) 
The location of the infarct in this legion theiefore appeals to beai no 
relation to the presence oi absence of pain With legard to the othei 
sites of infarction, i e , the midventi iculai and posterioi basal i egions 
of the heart, theie weie too few cases for analysis Likewise, no con- 
clusions could be drawn from the 17 cases in which mfaicts were 
piesent m two or tliiee sites Biuenn and his associates ° found no 
causal 1 elation between pain and the paiticulai aiteiy oi bianch 
occluded 

Opinion IS appaiently divided on the question of the lelative fie- 
quency of the occurrence of infarcts in the anteiioi apical midventi icular 
and posterior basal i egions of the heait One gioup of authois^® have 
leported that in the laige majoiity of then cases the apical poition of 
the left ventricle was involved, while anothei gioup have lepoited 
that the midventricular and posteiior basal i egions taken together weie 
the site of the lesion in ovei half the cases 

ACUTE PERICARDITIS 

In group 1 theie weie 22 patients (38 pei cent) with acute peii- 
caiditis, 4 with chionic pericarditis, 3 with both acute and chronic 
pericarditis and 29 with no pericarditis In gioup 2 theie were 5 

13 Levine, S A Coronary Thrombosis Its Various Clinical Features, 
Medicine Monograph, Baltimore, Williams & Wilkins Company, 1929, vol 16 
Gorham, L W , Ordway, T , Jacobsen, V C, and Hosoi, K The Pathology of 
Cardiac Infarction, Tr Am Chmat & Clin A 48 105-113, 1932 

14 Barnes, A R , and Ball, R G Incidence and Situation of M 3 focardial 
Infarction in One Thousand Consecutive Post-Mortem Examinations, Am J M 
Sc 183 215-225, 1932 Parkinson and Bedford se 
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patients with acute peiicaiditis, 5 with chionic pericarditis, 3 with 
acute and chronic pencaiditis and 29 with no evidence of pericarditis 
Acute peiicarditis was piesent in 43 per cent of the patients in group 1 
and in only 19 per cent of those in gioup 2 Of a total of 33 instances 
of acute peiicarditis, 25 (75 per cent) occuried in patients in group 1 
It IS evident that acute peiicaiditis is commonly piesent m painful 
coionaiy occlusion and often absent in the painless attacks, but it is 
equally apparent that this fact alone does not explain the presence or 
absence of pain 

CARDIAC RUPTURE WITH HEMOPERICARDIUM 

Caidiac ruptuie with hemopeiicaidium occuried m 9 patients m 
the senes of 100, 6 belonging in gioup 1 and 3 in gioup 2 The total 
number of patients is too small to peimit one to diaw definite con- 
clusions Cardiac rupture, howevei, does not seem to have any signifi- 
cant healing on the piesence of pain in coionaiy occlusion 

THROMBOSIS OF THE CORONARY ARTERY 

In group 1, 33 of the 58 patients with painful attacks (appioxi- 
mately 57 pei cent) showed at autopsy thrombosis of a coronal y arteiy 
Among 42 patients m group 2, who weie without pain, thrombosis 
occuired in 13 instances (31 per cent) If the total number of patients 
in groups 1 and 2 who showed actual thrombosis are consideied, it is 
found that m 33 of the 46 patients (72 per cent) the thiombosis was 
chaiacteiized by pain and that m 13 (28 per cent) it was not This 
suggests that thiombosis per se when piesent m a coronal y aitery 
cairies with it a two and a half to one chance of causing a painful 
seizure The reverse of this, however, is not tiue, i e , that absence 
of actual thiombosis means piobable absence of pain Of 54 patients 
in the two groups with no evidence of thiombosis, pain was piesent in 
25 (46 pel cent) and absent m 29 (54 per cent) Although actual 
acute thrombosis favois the occuirence of pain, absence of it by no 
means excludes the possibility of pain It is reasonable therefore to 
suppose that there is still another factor besides thiombosis on which 
the initiation of cardiac pain depends Biuenn, Turner and Levy** 
stated “It was only when the vessel was actually occluded, either by 
the arteriosclerotic process or by thrombosis, that the incidence of pain 
doubled ” These authoi s did not mention the exact incidence of pain 
111 cases of thrombosis alone 

CORONARY SCLEROSIS 

Sclerosis of the coronary aiteries was present in vaiying degiee in 
eveiy case of our series, even m the 2 instances of rheumatic and 1 of 
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syphilitic heart disease From the gross and microscopic descriptions 
of the vessels it was found possible to estimate roughly the amount of 
coronary sclerosis present in each case, grading it as mild, moderate 
or maiked The patient with periarteritis nodosa showed typical 
involvement of the coronary vessels It was described as follows in the 
autopsy protocol 

The coronary arteries had an unusual appearance On the anterior surface of the 
branches which emerge from the auriculoventricular margin were seen many small 
translucent spherical enlargements of their walls, so that the vessels appeared to 
have a senes of small beads or nodules A few of the vessels on the posterior 
surface also showed this unusual condition 

Microscopically the most striking changes in the heart were seen in the coronary 
vessels The arterial walls were greatly enlarged, owing to the proliferation of 
young fibrous tissue in the intima, reducing the lumens to slits or obstructing them 
entirely The periarterial tissue showed many young fibroblasts and was rich in 
capillaries Other vessels showed organizing thrombi, in some instances the thrombi 
being infiltrated with many lymphocytes The coronary arteries were thus the 
seat of a process typical of periarteritis nodosa 

This rather unusual case was included in the senes because it 
answered the criterion as to the size of infarct used in selection, there 
being a small recent infarct at the apex of the left ventricle, measuring 
about 1 cm in diameter, with a mural thrombus beneath it The walls of 
the largei vessels were thickened, but no thiombosis was present on 
gross examination The high incidence of pain in the presence of 
actual thrombosis plus acute infarction will be discussed latei At 
this point it may be noted that there was no pain in this case, although 
an acute infarct was present and thiombi were seen in the small vessels 
under the micioscope Small infarcts, even though recent, when due 
to micioscopic thrombi probably do not cause pain, possibly because 
the smaller arteries are almost devoid of sensory neives 

In group 1, 13 patients (22 per cent) showed a mild to moderate 
degree of coronary sclerosis, and 45 (78 pei cent) showed marked 
sclerosis In group 2, moderate involvement was noted in only 5 
patients (12 per cent) and adA'^anced coronary sclerosis in 37 (88 per 
cent) Of 18 patients in the two groups showing only a mild oi 
moderate degree of coronary sclerosis, 13 (72 per cent) suffered from 
pain, and 5 (28 per cent) did not Of a total of 82 patients showing 
marked coronary sclerosis, 37 (45 pei cent) did not haA^e pain, as 
against 45 (55 per cent) who did show this symptom Thus pain 
seems to occur more fiequently in the presence of a mild or model ate 
degree of vascular sclerosis than it does m the advanced stages With 
maximal grades of sclerosis, pain may be present or absent in approxi- 
mately an equal number of cases One cannot draw any definite deduc- 
tions from these figures other than to state that the piesence or absence 
of pain does not directly vary with the degree of sclerosis 
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Although some of the factors which have been discussed seem to 
bear a definite relation to the pain of coronary occlusion, no single 
one IS found which offers a complete explanation of the mechanism of 
pain production However, as will be shown later, the action of a 
combination of several of these factors sheds more light on this 
problem 

COMMENT 

Clinical interest in the origin of cardiac pain may properly be said 
to have begun with the classic observation of William Harvey, who 
showed his sovereign, Charles I, that the heart itself is “without a sense 
of touch ” The demonstiation was made on a man whose thoracic 
wall had been partially removed by accident After the first correct 
clinical diagnosis of cardiac infarction, by Hammer,’® the excellent 
thesis of Mane ’’ and the description of the syndrome by Obrastzow 
and Straschesko,” there appeared the first comprehensive study of the 
disease in this country, by Herrick’’' Since 1912 numerous American 
observers have established the various clinical features of this condition, 
emphasizing severe precordial, substernal or epigastiic pain as a car- 
dinal feature In recent years there has been a gradual, although not 
general, recognition of the fact that coronary occlusion is often unas- 
sociated with pain Isolated case reports do not afford an index as to 
the actual frequency The published reports of groups of cases bear- 
ing on this point place the incidence at from 38 to 61 per cent Of 
our scries of 100 patients studied post mortem, painless coronary 
occlusion occurred in 42 per cent 

From the preceding analysis one can roughly visualize two mam 
types of coronary disease which lead to cardiac infarction The first 
type, present in a somewhat larger group of patients than the other, 
IS characterized clinically by painful seizures, tending to occur some- 
what earlier in life and bearing no sexual preference except that the 
peak mortality is reached a decade sooner in males than m females. 
The patients afflicted with pain are more likely to have a previous his- 
tory of stenocardia, preceding hypertension is more common, dyspnea 
IS usually overshadowed in severity by pain and a pericardial friction 
rub IS much more frequent At autopsy this group of patients is 

15 Harvey, W The Works of William Harvey, translated by R Willis, 
London, Sydenham Society, 1847, p 383 

16 Hammer, A Em Fall von thrombotischen Verschluss einer der Kranz- 
arterien des Herzens, Wien med Wchnschr 28*97-102, 1878 

17 Mane, R L’lnfarctus du myocardc et ses consequences. Thesis, Pans, 
no 88, 1896 

18 Herrick, J B Clinical Features of Sudden Obstruction of the Coronary 
Arteries, J A M A 59 2015 (Dec 7) 1912 
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more likely than the other group to show acute infarction of the heart, 
acute pericarditis and actual thrombosis of a larger coronary vessel 
The location of the infarct and the occurrence of hemopencardium due 
to rupture of the ventricle have no relation to pain Painful infarcts 
are more likely to occur in the presence of mild or moderate sclerosis 
than are painless ones 

The second group of patients, somewhat smallei than the first, 
show clinical absence of cardiac pain Attacks tend to occur latei in 
life, with no relation to sex except that males appear to die a decade 
earhei than females Preceding thoracic pain and h 3 '-pei tension aie 
less common than in the first group, while dyspnea is more often a 
dominant symptom A pericardial friction rub is rarely heard in 
cases of painless occlusion At autopsy the hearts of these patients 
tend to show old infarcts, absence of acute pericarditis and relative^ 
fewer instances of thrombosis of the coronary arteries The location 
of the infarct and the presence of hemopencardium secondary to ven- 
tricular rupture bear no relation to the absence of pain This group 
of patients shows relatively few instances of mild oi moderate sclerosis 
of the coronary arteries Marked sclerosis is about as frequent in this 
group as in the first 

It IS evident that no single factor of those anatyzed will enable one 
accurately to differentiate the painful from the painless type of coronary 
occlusion Our study does suggest, however, that m the first group 
of patients, with painful occlusion, one is dealing with a rather moie 
acute process in which relatively sudden obstruction of a coionary 
artery by (1) a thrombus tends to result in (2) acute caidiac infaic- 
tion and (3) acute pericarditis If one reviews the entiie senes of 
100 cases with the idea of discovering a combination of factors, rathei 
than a single one, which bear a more direct relation to pain, it is found 
that 15 patients showed actual thrombosis accompanied by acute infarc- 
tion and that 10 of these also had acute pericarditis Every one of 
these 15 patients had painful occlusion On the other hand, our study 
suggests that painless coronary occlusion represents a more giadually 
developing pathologic process, in which (1) the progressive narrowing 
of the artery results from fibrosis rather than fiom actual thrombosis, 
and that this in turn appears to lead as a rule to (2) old fibrous infarcts 
with (3) rather infrequent acute pericarditis In the entire series 
there were 17 patients with old cardiac infarcts who had no record of 
thrombosis or of acute pericarditis Twelve of these 17 patients (70 
per cent) did not have pain, while 5 (30 per cent) did show this 
symptom It is possible that 1 or more of the 5 patients who had pain 
may have had thrombi in the vessels which weie not discovered It is 
well recognized ° that thrombi in the coronary arteries may be over- 
looked unless numerous cross sections are made and the vessels are 
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carefully examined Reexamination of hearts already studied proves 
that, m spite of reasonable care, this lesion may be missed. Further- 
more the pain suffered by aU these patients was relatnely mild, and 
d 3 'spnea was an outstanding S 3 'mptom in 4 of them 

If one again refers to table 2, vrith the thought that perhaps a 
combination of factors rather than a smgle one may bear some more 
deffnite relation to cardiac pam, one finds the follo\^nng interesting 
facts 

1 The 5 patients vnth acute infarction unaccompanied b 3 ' pam 
showed no evidence of thrombosis 

2 Six of the 11 patients with old infarction accompanied b 3 ' pain 
repealed either acute pencarditis or thrombosis The remaining 5 
patients with old mfarction and with pam ma 3 " have had thrombi which 
were overlooked Furthermore, pam was of slight degree m ever 3 ' 
instance and "uas overshadowed b 3 ' d 3 'spnea m 4. 

3 Of 8 patients with acute pencarditis wnthout pain, 6 showed no 
thrombosis while the other 2 had marked sclerosis of the coronary' 
artenes 

K In each of the 13 patients vnth painless occlusion with actual 
thrombosis, marked sclerosis was present 

5. Twent 3 ' of the 25 patients with painful occlusion without throm- 
bosis showed acute mfarction or acute pencarditis The 5 remaining 
patients with pam but no thrombosis were the same 5 with old infarc- 
tion mentioned under paragraph 2 Actual thrombosis ma 3 ' have been 
present m some of these cases and the pam of mild degree was over- 
shadowed b 3 '' d 3 'spnea m 4 of them 

6 In each of the 5 patients with painless occlusion vith mild or 
moderate sclerosis there was absence of thrombosis 

THEORETIC COXSIDERATIOXS 

The manner m which cardiac pam is mitiated in coronar 3 occlusion 
has been explained in various wa 3 S as reviewed m detail b 3 ’ Sutton,^® 
Katz-° and "Wiggers Of the several explanations the theory* most 
vndeh* accepted toda 3 * is that of Lewis -- who advanced the idea that 
the pain is dependent on m 3 *ocardial ischemia He stated that impair- 
ment of the coronary^ circulation results m disturbance of the nutrition 

19 Sutton, D C Cardiac Pain, J A N A 97-1369-1370 (Xov 7) 1931 

20 Katz, L X ilechanisni of Pain Production m Aneina Pectoris Am 
Heart! 10:322-327, 1935 

21 liViggers, C J The Ph 3 5iologv of Cardiac Pain m Levy, R. L Disease 
oi the Coronarj' Artenes and Cardiac Pain Xev* York, The ilacmillan Company, 
1936 chap 6, pp 163-180 

22 Lewis, T Pam in Ivluscular Ischemia Its Relation to Aneinal Pain, 
Arch Int iMed 49.713-727 (Mzy) 1932 
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of the cardiac muscle and the rapid development of an unknown chemi- 
cal “P substance” which acts as a pam-producing stimulus to the nerve 
endings This theory has been supported by Herrick,-^ who has 
explained one of its most obvious defects, viz , its failure adequately 
to account for the absence of pain in a large percentage of cases, even 
though extreme grades of ischemia are present He has stated that 
in gradually progressive coionary sclerosis, ischemia may result in an 
aiea that is “relatively anesthetized by destruction of vessels, nerve 
and functioning muscle, so that a painful response to the new obstruc- 
tion IS lacking The final complete obstruction comes without a sud- 
den shock, the element of surprise is lacking as the heart is in a sense 
prepared f oi the supreme insult ” 

It is well known that the cardiac miiscle itself is insensitive to pain on 
mechanical stimulation and that the afferent sensory fibeis which do 
respond to such stimuli he in the adventitial layers of the coronary 
arteries and send terminal branches at intervals to the smooth muscle 
fibers of the arterial coat, the richness of the nerve supply inci easing 
toward the base of the heart In any discussion of cardiac pain this 
fact IS of prime importance The fundamental question is whether the 
sympathetic nerve endings in the blood vessels are stimulated by a chemi- 
cal substance resulting from ischemia alone or whethei they may also 
respond to pure mechanical stimulation The source of the pain in 
either case is in the wall of the coronary vessel and not in the cardiac 
muscle pel se It seems logical to suppose, therefore, that sclerotic 
changes in the coronary aiteries must bear some diiect relation to the 
presence and absence of pain m coronary occlusion One might further 
suppose that eaily atheromatous changes in the walls of the coronary 
arteries render the afferent nerve endings hypei sensitive to painful 
stimuli, so that slight changes in the tension within the affected vessels 
would produce pain just as leadily as would a hypothetic chemical 
substance Further, it is conceivable that advanced sclerosis of the 
coronary vessels may lead to actual degeneiation of the neive endings 
m the vascular wall or that stiffening of the arterial coat and loss of 
elasticity may reach a point at which a sudden change m tension is no 
longer an adequate stimulus to the production of pain Whether the 
stimulus IS chemical or mechanical, however, pain must be initiated by 
a factor acting on the sensory nerves in the adventitial or muscular coats 
of the coronary artei les 

23 Herrick, J B Coronary Artery in Health and Disease, Am Heart J 6 
589-607, 1931 

24 Katz, L N , Mayne, W, and Weinstein, W Cardiac Pam The Piesence 
of Pam Fibers in the Nerve PIe^.us Surrounding the Coronary Vessels, Arch Int 
Med 55 760-772 (May) 1935 Moore, R M , and Singleton, A O , Jr Periph- 
eral Course of Pain Fibers Supplying Coronary Arteries and the M 3 mcardium 
Proc Soc Exper Biol & Med 32 1492-1494, 1935 
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From a physiologic point of view it is logical to believe that afferent 
nerve fibers of blood vessels may respond to mechanical as well as to 
chemical stimuli In a normal blood vessel, occlusion of the lumen is 
accompanied by pain, provided the distention of the wall of the vessel 
IS suffiaent to reach the threshold level of pain If the obstruction is 
sudden the pain may be intense Embolism of the femoral artery, e g , 
after operation, is generally attended by severe pain, but gradual 
fibrotic narrowing of the same artery leading to marked ischemia may 
occur without pain Dissecting aneurysm of the aorta is characterized 
by excruciating pain, which is directty associated with the stretching 
and tearing of the arterial wall B}'- analog}^ there is a strong argument 
that the mechanical factor of tension is impoitant in the mechanism 
of pain production in arteries In coronary occlusion it is sug- 
gested that pain vanes directly with the speed with which increased 
tension is produced on the wall of the coronary artery proximal to the 
obstruction and with the pathologic changes m the wall of the vessel, 
whether these changes are due to i educed elasticity or actual degen- 
eration of the sensory nerves 

The mechanical theory of cardiac pain has been suggested many 
times in the past, but an imposing majority of physiologists and cardi- 
ologists at present favor the explanation of cardiac pain on the basis 
of ischemia or anoxemia^® The studies of Wenckebach, however, 
and more recently those of other observers submit evidence in support 
of a mechanical theory Herrmann said ‘Tn personal experimental 
studies I have noted distention of the artery behind the obstruction, 
and this led me to express the idea that it is the dilatation of the artery 
and the consequent stretching of its wall, proximal to the obstruction, 
that causes the stimulation of the nerve plexus about the vessel and the 
initiation of pain ” Allbutt concluded that a similar mechanism 
accounts for cardiac pain by causing tension on the aorta Against 
the mechanical theory of cardiac pain, the argument has been advanced 
that occlusion of a coronar}’- vessel can have no significant effect on the 
arterial pressure within it^^ While the argument that the tension 

25 The work of Bray (Bray, H A Tension Theory of Pleuritic Pain, Am 
Rev Tuberc 13.14-20, 1926) in showing that pleural pain is due not to friction 
rub but to tension on the ner\e endings in the parietal pleura, stimulated our 
interest in the problem of cardiac pain 

26 Keefer, C S , and Resmk, W H Angina Pectoris A Syndrome Caused 
by the Anoxemia of the Myocardium, Arch Int Med 41 769-807 (June) 1928 

27 Wenckebach, K F Toter Punkt, “second Wind,” und Angina pectoris, 
Wien klin Wchnschr 41 1-6, 1928 

28 Allbutt, T C Diseases of the Arteries Including Angina Pectoris, New 
York, The Macmillan Company, 1915 

29 Wiggers, C J , and Cotton, F S Studies on the Coronary Circulation 
I The Coronary Pressure Pulses and Their Interpretation, Am J Physiol 106 
9-15, 1933 
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factor may cause cardiac pain appears physiologically sound, the evi- 
dence which we have thus far presented does not disprove Lewis’ 
concept of the role of myocardial ischemia m the production of cardiac 
pain Our study does suggest, however, that a mechanical as well as 
a chemical factor may initiate the pain in coionary occlusion Further, 
it affords an apparently reasonable explanation for the total absence of 
pain in certain cases of cardiac infarction, in which extieme grades 
of ischemia proved by autopsy are present 

It IS fully realized that the factor of tension in the production of 
cardiac pain must be subjected to carefully controlled experimental 
studies before its significance can be appreciated Added evidence of 
its importance has been obtained by showing that cardiac pain may be 
pioduced m animals by tension on the walls of the coronary arteries 
alone and without a significant disturbance of the circulation of blood 
in these vessels, or, in other words, that pain may be initiated without 
ischemia 

SUMMARY 

Study of the clinical histones and necropsy data for 100 patients 
with proved coronary occlusion showed that 58 had cardiac pain and 
42 did not, indicating a higher frequency of painless occlusion than 
IS geneially recognized 

The following broad statement may be made regaiding group 1, 
compiising 58 patients who suffered from cardiac pain m a fatal 
attack The patients tend to be 3 ^oungei, males show the peak moitality 
ten years earlier than do females, a history of preceding attacks of 
anginal pain and of hypertension is more common, pain overshadows 
dyspnea as a symptom and a pericardial friction lub is much more 
often heard Actual thrombosis, acute infarction, acute pericarditis 
and mildei grades of coronary scleiosis are moie frequently encoun- 
tered than in the patients in group 2 The location of the infarct and 
the rupture of the ventricle, with lesulting hemopericardium, bear no 
relation to pain 

The following geneial statement may be made regaiding gioup 2, 
comprising 42 patients who had no pain m a fatal attack of coronary 
occlusion The patients tend to be older than those in group 1, males 
show the peak mortality a decade earlier than do females, a history of 
preceding attacks of anginal pain and of hypertension is less common, 
dyspnea is generally an outstanding symptom and a pericardial friction 
rub is rarely heard Old infarcts, with absence of actual thrombosis 
and pericarditis, are more frequent Marked sclerosis of the coronary 

30 Martin, S J, and Gorham, L W Cardiac Pain An Experimental 
Study with Reference to the Tension Factor, Arch Int Med , this issue, p 840 
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aiteiies is slightly though not significantly more often encountered 
The location of the infarct and the rupture of the ventricular wall, 
with resulting hemopencaidium, bear no direct relation to the absence 
of pain 

A combination of actual thrombosis of the coionary arteiy and 
acute infarction was accompanied by pain m every one of the 15 
instances in which these two factois weie present A combination of 
fibrotic narrowing of a coronary arteiy, without actual thrombosis, 
plus old infarction and absence of pericarditis was not accompanied by 
pain in 12 of 17 patients (70 per cent) All the 5 patients who did 
have pain suffered from only a slight degiee of it, dyspnea was the 
dominant symptom m 4 of these cases 

The old mechanical theory of cardiac pain advocated by Allbutt 
and Wenckebach and moie recently advocated by Herrmann, which 
has been geneially discarded m favor of Lewis’ tlieoiy of ischemia, has 
been leexammed m the light of our study, and the lole of a tension 
factor has been emphasized Biiefly, according to this theory the pain 
m coronary occlusion vai les directly with the speed with which increased 
tension is produced on the wall of the coronary artery proximal to the 
obstruction and with the pathologic changes m the wall, whether these 
changes are due to a reduced elasticity oi an actual degeneration of the 
sensory nerves 

The tension factor seems to offer a reasonable explanation not only 
for the presence but for the absence of pain m cases of coronary 
occlusion 

Added support foi the impoitance of the factor of tension m the 
pioduction of cardiac pain has been obtained by an experimental study 
on animals, the results of which are lecorded in a separate communi- 
cation 
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Cardiac pain has long been of clinical interest, but not until the 
past decade has it been subjected to laboratory investigation Although 
Allbutt’s ^ theory of the aortic origin of angina pectoris was once widely 
accepted, recent experimental evidence strongly points toward the cardiac 
origin of pain Sutton and Lueth - have shown that compression by 
means of a ligature on coronary vessels in the unanesthetized dog results 
in pain characteristic of angina pectoris Then studies have been con- 
fiimed by White, Carrey and Atkins® and by Katz and his associates'* 
All these authors have agreed that the fundamental mechanism initiating 
pain is a chemical factor produced by impaired coronary circulation 
In essence, this contention is the basis of Lewis’ ° theory that myocardial 
ischemia is the cause of cardiac pain From the aforementioned studies 
it IS generally inferred that the mechanical factoi is of secondary 
importance m producing cardiac pain 

That the mechanical or tension factor may be of major significance 
has been expressed by Herrmann ® and has been suggested in a recent 

Presented in abstract form at the Fiftieth Annual Meeting of the American 
Physiological Society, Baltimore, April 1, 1938 

From the Department of Physiolog}”^ and Pharmacology and the Department 
of Medicine, Albany Medical College, Union Universit}”^ 

1 Allbutt, T C Diseases of the Arteries Including Angina Pectoris, 
New York, The Macmillan Company, 1915 

2 Sutton, D C, and Lueth, H C Pam, Arch Int Med 45 827-867 (June) 
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clinicopathologic study of painful and painless coronary occlusion 
The following experiments have been performed in an effort to determine 
the possible importance of a mechanical factor in the initiation of caidiac 
pain 

PROCEDURE 

Seven normal adult dogs were prepared under pentobarbital sodium anesthesia 
and artificial respiration, which are essential according to the procedure of Sutton s 
The significant modification of this author’s technic employed in our experiments 
was the use of four or five ligatures, instead of one or two, placed as follows 
In the first animal a black silk ligature was looped through the visceral peri- 
cardium and the adventitia of the wall of the anterior descending branch of the 
left coronary artery on its right side about 2 cm from its aortic opening A 
second ligature was then similarly introduced into the left side of the wall of 
the same vessel (fig 1 A) Care was taken not to pass the ligatuies into the 
lumen of the vessel In the remaining 6 dogs three ligatures were inserted in 
like manner, but each was placed approximately 90 degrees from its neighbor 
and in the same transveise plane (fig 1 C) This modification was carried out 
in order to preserve the coronary blood flow and at the same time to permit the 
application of tension (fig 1 D) In these dogs, in addition, a fourth ligature 
was passed under the same vessel and through the myocardium about 1 5 cm distal 
to the initial ligatures, and, finally, a fifth or control ligature was put through the 
visceral peiicardium and myocardium a few centimeters to the right or to the 
left of the same coronary artery These ligatures were then led to the exterior 
of the thoracic cage through separate flanged glass tubes that were sewed in 
place in the parietal pericardium, with the proximal ends of the tubes extending 
freely into the pericardial cavity (fig 2) In 3 cases a sixth ligature was attached 
to the parietal pericardium and extended to the suiface of the chest The rest of 
the surgical procedure was completed in the manner previously described,^ and 
the dogs were permitted to recover from the anesthesia 

RESULTS 

The ciitena accepted as signifying the piesence of pain m dogs 
awakening from anesthesia were, m general, similai to those reported 
by Sutton and Lueth " In order, there occuried m 80 per cent of the 
observations (1) an initial and rapid increase m heart late, (2) an 
initial tempoiary decrease in the late of lespiration, with marked increase 
m amplitude, followed by dyspnea and tachypnea, (3) movements of 
the legs, characteristically first the left foreleg, then the right hindleg 
and finally all four extremities, (4) extension of the head and neck, 
and (5) last, a gasping inspiratory whine Salivation was noted in 
only 33 per cent of the observations No animals were allowed to 
sufiEer Application of tension on the coronal y ligatures was terminated 

7 Gorham, L W , and Martin, S J Coronary Occlusion With and Without 
Pam Anabasis of One Hundred Cases in Which Autopsy Was Done with 
Reference to the Tension Factor in Cardiac Pain, Arch Int Med , this issue, p 821 

8 Sutton, D C, and King, W W Physiological Effects of Temporary 
Occlusion of the Coronary Vessels, Proc Soc Exper Biol & Med 25 842- 
844, 1928 Sutton and Lueth ^ 
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as soon as the pam i espouse was noted In all animals the sensitivity 
to ordinary painful stimuli on recovery from the anesthesia was detei- 
mined as a control The stimuli used consisted of pinching the skin 
of the groin with a hemostat, passing a needle through the skin and 
also incising the skin of this area with a scalpel 

A Effect of Tension on the Ligatutes m the Coionaiy Aiteiy — 
1 Preliminary tests, made by exerting a steady, firm pull on the liga- 
tures, were performed on all dogs befoie the parietal pericardium was 
closed by suture The results were as follows (a) Marked tension 
on any one of ligatures 1 to 4, inclusive (fig 2 A), or simultaneously 
on the lateral hgatuies (1 and 2 in dog 1 and 1 and 3 in all others) 



B 



D 


Fig 1 — Sketch showing the position of the ligatures in the coronarj ai tery A, 
the right and left lateral ligatures B, the ligatures are the same as those in A except 
that there is tension on them C, ligatures 1, 2 and 3 are approximately 90 degrees 
apart and in the same plane D, the ligatures are the same as those in C except 
that there is tension on them 

produced flattening and blanching of the distal portion of the coionaiy 
vessel This compression of the vessel and the resulting pallor of the 
distal portion of the artery signified not only the satisf acton and secure 
position of the ligatures but also the probable complete cessation of 
the coronary blood flow (&) Moderate oi mild tension on these same 
ligatures caused no change in color or contoui of the vessel distally 
except in the case of ligature 4 In the case of this ligatuie, which 
encircled the vessel, the results were unifoimly similar to those recorded 
under a, since ev^en mild tension lesulted in a maiked decrease of blood 



martin-gorham—cardia c pain 


843 


flow (c) Mild to inaiked tension applied equally and simultaneously 
to ligatures 1, 2 and 3 produced no visible change in either the color 
or the contour of the vessel distall}’- It may be leasonably inferred, 
therefore, that the coronary blood flow was not seriously impaired 
(fig 1 D) (d) Tension of varying degrees on hgatuie 5 of course had 
no effect on the coronal y artery It lesulted only in elevating a portion 
of the myocardium and in increasing the heait rate 

2 In the senes of dogs used, after recoveiy from anesthesia, four 
to six hours later, it was observed that the sensitivity of the skin to 
painful stimuli varied The threshold of pain was definitely lowered 
by the anesthesia, since none responded to pinching of the skin m the 
gioin 01 the passing of a needle through it Hoivever, all but 1 dog 
reacted to the stimulus of the cutaneous incision in varying degiee. 



Fig 2 — A showing five ligatures in place and extending from the heart through 
flanged tubes B, a diagrammatic representation of the position of coronary 
ligatures 1, 2 and 3 


characterized chiefly by movement of one or both hindlegs and an 
inciease in the cardiac and respiratory rates There was no dyspnea 
Movement of the forelegs, extension of the head and neck and the gasp- 
Iike inspiratory whine, which so definitely characterize pain produced 
by tension on the coronary vessel, were all absent 

The observations made when tension was applied to the different 
ligatures are summaiized m table 1 It can be readily seen from this 
table that tension for less than half a minute on any one of ligatures 
1 to 4 or on any combination of them initiated cardiac pain m the 
unanesthetized dog There was also a notable decrease m the rate of 
respiration, with a compensatory increase in amplitude Tension for 
four minutes on the myocardium and visceral pericardium by means 
of ligature 5 or, m 3 cases, the ligature on the parietal pericardium 
produced only a rise in heart rate but none of the significant features 




* Four to si\ hours postoperativelj nnd after rcco\erj from the nncsthesin No artWcial 
respiration 'was used 

t A T^hining' cry -was noted m only SO per cent of the ohservations recorded as mdicating 
pain 

In determining the time foi both the onset and the duiation of 
pain, all five of the afoiementioned criteria were taken into consideia- 
tion This accounts for the unduly prolonged intervals in the initiation 
of pain However, if only the gasping, whining cry was considered 
as evidence of pain, its appearance and disappeaiance were noted within 
intervals of twenty seconds Further, the cry was heard significantly 
earlier when tension was applied simultaneously to ligatures 1 to 3 than 
when applied to ligature 4 (surrounding the artery) 

It must be emphasized that tension on any one or any two of the 
first three ligatures resulted in a direct mechanical stimulation of the 
coronary afferent nerve and possibly also in a chemical one, owing to 


9 Sutton and Lueth 2 Katz, Mayne and Weinstein * 





MART IN-GORHAM— CARDIAC PAIN 


845 


some impaiiment in coronary flow Tension on ligature 4, which 
encircled the vessel, similarly might initiate pain, owing to both chemical 
and mechanical stimuli However, with equal and simultaneous tension 
on ligatures 1, 2 and 3 there was only mechanical stimulation The 
patency of the lumen was maintained, no ischemia resulted and hence 
no chemical stimulus was possible Direct observation of the effect 
of tridirectional tension on the wall of the vessel by ligatures 1, 2 and 3 
was made in every experiment before the peiicardial cavity was closed 
In no instance could any deciease in the volume of coronary blood flow 
be seen with the naked eye Further proof, however, of the functional 
integrity of the coronary flow to the cardiac muscle , under these con- 
ditions was sought and obtained by the electrocardiographic studies, 
which will be presented later 

3 Blocking of stimuli by local application of alcohol was then 
attempted In 2 of the dogs the procedure just cited was repeated after 
a few drops of 80 per cent alcohol was placed successively over the 
various ligatures Application of tension on ligatures 1, 2 and 3 when 
alcohol was dropped over only ligature 4 gave rise to a typical pain 
response , however, no pain was initiated when ligature 4 or 5 was pulled 
on for several minutes In like manner, no evidence of pain could be 
elicited by means of tension on ligatures 1, 2 and 3 after application 
of alcohol over these ligatures The stimuli for cardiac pain, therefore, 
can be blocked by local application of alcohol whethei they are initiated 
by a chemical or by a mechanical factor This is m agreement with 
previous reports ° 

B Deterimnahan of the Minimal ThiesJiold of Tension — The 
minimal amount of tension on the ligatures in the coronary artery neces- 
sary to invoke a pain response was determined in 4 unanesthetized dogs 
prepared in the manner described The ligatures were passed over a pulley 
and attached to varying weights exerting a vertical pull The results 
obtained are given in table 2 and show that pain was initiated with a 
minimum tension produced by a 7 Gm weight applied to any one of 
the first four ligatures With a 10 or 15 Gra weight the pain was 
greater and seemed to appear sooner Five gram weights were ineffective 
when applied to any single ligature In the case of ligature 5 (through 
the myocardium) a 25 Gm weight failed to elicit a pain response even 
after three minutes When equal tension was applied simultaneously 
to ligatures 1, 2 and 3, marked pain was noted with the successive use 
of 15 and 7 Gm weights attached to each ligature, moderate pain with 
5 Gm weights, mild but definite pain with 3 Gm weights and, in 1 
dog only, suggestive pain with 2 Gm weights No pain was noted in 
any dog when 1 7 Gm weights were used One dog failed to show 
this pain response with a 3 Gm weight on each of the first three liga- 
tures but responded in characteristic fashion when 5 Gm weights were 
employed 
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It IS fully appieciated that, from the few observations made, little 
can be concluded as to the exact amount of tension necessary to produce 
pain Further, one cannot ignore the variation in response noted, which 
of course might easily be greater if a laiger scries of animals were 
studied However, it nevertheless appeals of remaikable interest that 
in some dogs, at least, mechanical tension on the wall of a coronary 
artery equivalent to 3 Gm on each of ligatures 1, 2 and 3 can, without 
impairing the coroiS^ry flow of blood, elicit the response of cardiac 
pain 

C Electi ocai diogi aphic Studies — The preliminary tests of applying 
tension simultaneously on the first three ligatures, with the animal anes- 


Table 2 — Minimal Thteshold of Tension Initiating Caidiac 
Pam in Foui Unanesthetised Dogs 


Number of 
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32 



7 

+ 

39 



5 
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23 

Lb 

15 
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25 

0 



* 0 indicates no pain, +, mild pain, ++, moderate pain, +++, marlvcd pain 


thetized and the thoiacic cage and pencardium open, showed that no 
change in color oi contour of the distal region of the coronary artery 
and, of course, no pain response occurred With the pericardial and 
thoracic cavities closed and the dog recovenng from the anesthesia, 
several hours later, a repetition of the tests elicited in all cases the typical 
response of caidiac pain It was tentatively concluded, though not 
fully proved, that no functional impairment in the coronary flow resulted 
and, therefore, that the only possible stimulus to the coronary afferent 
nerves was a mechanical one During the course of the investigation 
Blumgart and his associates^® leported that experimental occlusion of 
the anterior descending branch of the left coronaiy artery m cats 
revealed within thirty seconds a chaiacteristic elevation of the ST wave 
of the electrocai diogram We had already made use of the electro- 

10 Blumgart, H L , Hoff, H E , Landowne, M , and Schlesinger, M J 
Experimental Studies on the Effect of Temporary Occlusion of Coronary Arteries 
in Producing Persistent and Electrocardiographic Changes, Am J M Sc 194 
493-502, 1937 
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cardiogram in our dogs to determine significant impairment in coronary- 
blood flo-w and functioning myocardium Proof that pam -was pro- 
duced without circulatory change in the muscle and hence without a 
chemical stimulus appears to have been established by the electro- 
cardiographic studies now to be described 

The control and the later experimental electrocardiograms were all 
taken while the dogs were under pentobarbital sodium anesthesia This 
precaution was necessary, since otherwise tension on the ligatures caused 
cardiac pain and resulted m marked movements of the body In order 
to prove that these animals retained their sensitivity to pam after 
recovery from anesthesia, the expenments with application of tension 
to the various ligatures were all repeated Typical responses of cardiac 
pain again were noted in every case 

Leads I to IV were taken in every case m the following order 

(1) on the day preceding the experiment, to serve as a control record, 

(2) after surgical preparation of the animal, (3) after the application 
of tension (15 Gm ) simultaneously on each of ligatures 1, 2 and 3 
for twelve minutes, (4) after similar tension was applied for twelve 
minutes on ligature 5 (through the m 3 ^ocardium), and (5) after tension 
on ligature 4 (surrounding the vessel) for two to three minutes 

Electrocardiograms taken in all cases the day preceding the experi- 
ment were entirely normal The significant changes from normal after 
the experimental procedures were earned out may be briefly summarized 
as follows 

1 Immediately after surgical preparation there was sinus tachy- 
cardia, and the T wave was inverted in lead III in all cases , the T wave 
was also inverted m leads I and II in dogs 4 and 5 

2 After simultaneous tension on ligatures 1, 2 and 3 or after tension 

on ligature 5 there was sinus tachycardia, the T wave was occasionally 
upright m lead II, but in most of the cases it was inverted m leads 
I and III Electrocardiograms made after surgical preparation and 
application of tension on ligatures 1, 2 and 3 (attached to the vessel 
wall) or ligature 5 (inserted m the myocardium) were essentially the 
same and were, with the exception of changes m the T wave in leads 
I and li^^approximately normal « 

3 After tension on ligature 4, which surrounded the artery, for forty 
to seventy seconds, there was sinus tachycardia again, with occasional 
premature beats and elevation of the ST segment in lead IV in many 
beats 

4 After tension on ligature 4 for two or three minutes, in addition 
to observations noted under paragraph 3, the ST segment was elevated 
in leads I to III, P was upright in lead IV, Q was absent in lead IV 
and T was wide and notched in leads II and III , the T wave occasionally 
was diphasic in lead IV The electrocardiogram made after the apph- 
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cation of tension on ligatuie 4 was typical of the electrocardiograms in 
cases of coronary occlusion Figure 3 shows the electrocardiographic 
changes obseived for a single animal (dog 4) after the various pro- 
cedures just detailed 

D Pathologic Studies — In order to determine the precise location 
of the ligatures in the wall of the coronary artery, all the animals were 
studied post mortem It was noted grossly that no ligature was torn 
out of place as a result of the application of tension and no hemorrhage 
had lesulted At the time the ligatures were implanted, no serious 
bleeding was observed in any of the animals It was therefore tenta- 



Fig 3 — A senes of electrocardiograms made (A) after surgical preparation 
of dog 4, (B) after postoperative application of tension simultaneuosly on 
coronary ligatures 1, 2 and 3 for twelve minutes and (C) after application of 
similar tension on ligature 4 for two and one-half minutes Electrocardiograms 
A and B are essentially the same and, with the exception of changes m the T 
wave in leads I and II, are normal C is typical of the electrocardiograms 
obtained in cases of coronary occlusion 

tively concluded that the lumens of the coronary arteries had not been 
pierced or torn 

Tissues from the heart were fixed in Bourn’s fluid, and serial sec- 
tions through the sites of the ligatures were prepared for microscopic 
study, hematoxylin and eosm stains being employed Over six hundred 
serial cross sections were examined In none of them was there any evi- 
dence of frank hemorrhage or of penetration or rupture of the arterial 
wall at any point Surrounding the implanted silk ligatures in most cases, 
signs of an early acute inflammatory reaction were noted Because of 
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the difficulty m sectioning tissues with embedded silk thread, it was not 
easy to prepare sections showing all three ligatures in position without 
distortion, as the thread tended to be torn out Figure 4 A, however, 
represents a cross section of the descending branch of the left coronary 



Fig 4 — A, cross section of the descending branch of the left coronary artery 
of dog 4, showing the position of ligatures 1, 2 and 3 in adventitial tissue alid in 
the same plane B, another photomicrograph of the same artery, showing the 
position of ligature 4 underneath the vessel 

artery with ligatures 1, 2 and 3 in the adventitial tissue In some 
instances ligature 1 or 3 passed through the adjacent myocardium as 
well as thiough the adventitia The position of ligature 4, undernea th 
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the coronary artery, can readily be seen in figure AB Both photo- 
micrographs show that the continuity of the arterial wall was intact In 
no instance was there evidence of injuiy to any part of the vessel 

COMMENT 

The perception of pain is admittedly a nervous phenomenon 
dependent essentially on the piesence and mtegiity of the proper recep- 
tors and their afferent pathwa)'^s With regard to cardiac pain, recent 
investigations have established the importance of the sympathetic afferent 
nerves ^ in the coronary adventitia and surrounding connective tissue ^ 
and their ipsilateral pathway to the spinal cord In man and in the 
monkey the parietal pericardium is similarly innervated, while the myo- 
cardium and visceral pericaidmm aie devoid of afferent nerves In the 
dog both pericardial layers as well as the myocardium per se are 
insensitive In the absence of visceral pericai dial nerves, true cardiac 
pain in man, in the monkey and in the dog can aiise only from stimula- 
tion of the affeient nerves suriounding the coronary vessels 

The natural question arises. What actually stimulates these afferent 
nerves^ or, more properly. What factors initiate the nervous impulses^ 
According to the prevalent theoiy of myocaidial ischemia,® impaired 
coronary circulation lesults in an abnormal accumulation of naturally 
occurring metabolites, one or more of which, perhaps lactic acid in 
particular, may irritate chemically the pain leceptors This concept is 
supported by many investigations 

With acceptance of the statement that lactic acid, or the "P sub- 
stance,” is an adequate chemical stimulus, the question still remains 
unanswered as to how this substance, produced in the cardiac muscle, is 
transferred from its site of origin to the coronary affeient nerves to 
exert its action Does the lactic acid, or “P substance,” in the myo- 
cardium flow back upstream to reach the coronary adventitia and the 
branches of the nerve supply, or, more correctly, is the accumulation of 
lactic acid, or “P substance,” in the wall of the vessel responsible for the 
initiation of pain^ One may ask more logically. Why may not these 
receptors in the coronaiy arteries, like pain receptors elsewhere in the 
body, be subject to mechanical as well as chemical stimulation^ 

11 Moore, R M , and Singleton, A O , Jr Peripheral Course of Pam Fibers 
Supplying Coronary Arteries and the Myocardium, Proc Soc Exper Biol & 
Med 32 1492-1494, 1935 

12 Sutton and Lueth ^ Katz, Mayne and Weinstein ^ Moore and Singleton 

13 Himwich, H E , Goldfarb, W, and Nahum, L H Changes of the 
Carbohydrate Metabolism of the Heart Following Coronary Occlusion, Am J 
Physiol 109 403-408, 1934 Katz, L N The Mechanism of Pain Production in 
Angina Pectoris, Am Heart J 10 322-327, 1935 Wiggers, C J The Physiology 
of Cardiac Pam, in Levy, R L Diseases of the Coronary Arteries and Cardiac 
Pam, New York, The Macmillan Co , 1936, chap 6, p 177 Sutton and Lueth = 
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The modified technic of Sutton - has afiEorded an opportunity to 
investigate the probable importance of the mechanical factor in initiating 
cardiac pain It is believed that adequate care has been exercised to 
eliminate the chemical stimulus Our experiments showed that cardiac 
pain was experienced by unanesthetized dogs by means of simultaneous 
tridirectional tension on the wall of the coronary artery That there 
was no material impairment of the coronary blood flow under these 
conditions was evidenced by the absence of electrocardiographic changes 
We feel convinced that the mechanical or tension factor m the absence 
of a chemical one can be an effective stimulus for producing cardiac 
pain Shambaugh has shown that the pain response can be elicited 
in dogs if the aortic blood pressure is suddenly increased in the presence 
of submmimal constriction of the coronal y vessels The epinephrine 
used to produce the rise m aortic blood pressure also dilates the coronary 
vessels This sudden dilatation may, m itself, mechanically stimulate the 
onset of pain When elasticity is reduced, as m a sclerosed vessel, ten- 
sion may be minimized, and painless coronary occlusion may be 
expected 

Our experiments do not offer any direct evidence to disprove the 
possibility of the generally accepted theory that ischemia is the cause of 
cardiac (coronary) pain, but they do prove that pain may be produced 
mechanically in the absence of any chemical stimulus The proponents 
of the theory of ischemia, on the other hand, have not yet demonstrated 
experimentally that pain can be produced by a chemical stimulus alone 
in the absence of any mechanical factor 

The onset of cardiac pain caused by simultaneous tension on liga- 
tures 1, 2 and 3 (lying m the adventitia) is much quicker than that 
caused by tension on ligature 4, which surrounds the coronary artery 
The intensity of the pain is greater also in the first instance even though 
the pull exerted is approximately the same These facts may possibly 
be explained by supposing that a more effective stimulus is evoked by 
ligatures placed in the nerve-bearing adventitia than can be aroused 
by a ligature encircling the entire vessel The cessation of pain is more 
prompt on release of the three ligatures inserted in the wall of the vessel 
than it IS when the artery is both occluded and pulled by ligature 4 

Although the minimal threshold of tension necessary to initiate 
cardiac pain was determined, it is at best only approximate and holds 
true only for the dog Further, the method used to determine the degree 
of tension necessary is subject to criticism in that the variation in the 
pressure in the coronary artery, the more natural mechanical stimulus, 
has not been estimated This fact is thoroughly appreciated and will 
be investigated in subsequent studies 

14 Shambaugh, P Circulatory Changes in Angina Pectoris An Experi- 
mental Study, Arch Int Med 56 59-76 (July) 1935 
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SUMMARY 

An attempt has been made to determine the role of the mechanical 
factor in the imtiation of cardiac pain in dogs recovering from anes- 
thesia It has been found that a typical pain response can be elicited 
when tndirectional tension in one plane is applied to a coronary vessel 
m such a manner as to cause no change in blood flow With this pro- 
cedure the chemical factors caused by impaired coronary blood flow are 
completely eliminated, as shown by the absence of changes in the electro- 
cardiogram The minimal threshold of tension on ligatures in the 
coronary vessel was 3 Gm in the senes of dogs used Local application 
of alcohol can block stimuli initiating cardiac pain, whether mechanical 
or chemical m origin It is concluded that tension alone on the coronary 
arteries in dogs may serve as an adequate stimulus for the initiation of 
cardiac pain 

Dr Arthur W Wright, of the Department of Pathology, cooperated by prepar- 
ing the histologic material used in this study Miss M L Smith and Miss A P 
Schafer were of technical assistance in the preparation of the illustrations 
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Evei Since coccidioidal infection has been known to be due to a 
fungus/ it has been recognized that there are two distinct cycles of 
development of the infecting organism the form which occurs when 
the organism has infected animal tissues, and the one which occurs when 
the organism grows on culture medium and, presumably, in nature 
The first of these cycles was that observed when infected human beings 
came under clinical observation The parasitic organism was seen as 
a double-contoured spherule, avei aging about 30 microns m diameter, 
which reproduced by endosporulation, the endospores being released 
into the tissues by rupture of the wall of the mother spherule The 
spherules so closely resembled Coccidia that it was at first believed that 
they belonged to the protozoan group, and they were called Coccidioides, 
1 e , like Coccidia , hence the name The second cycle occurs when the 
organism grows outside the body, the vegetative stage, and here it 
appears as a white moldlike fungus which reproduces by the formation 
of chlamydospores The chlamydospores are numerous and light and 
are easily transported in the air, particularly when associated with dust 

Since the earliest studies of the disease coccidioidal granuloma, there 
has been great interest in how the infection is acquired by man and, 
much more recently, by certain domestic animals, viz , cattle and sheep 
As early as 1905 Ophuls ^ wrote concerning a case which occurred in 
California in 1900, “These observations prove the occurrence of primary 

The study of coccidioidomycosis is being aided by the Rosenberg Foundation, 
San Francisco 

From the Department of Public Health and Preventive Medicine, Stanford 
University School of Medicine, San Francisco, and the Kern County Department 
of Public Health, Bakersfield, Calif 

1 Ophuls, W , and Moffitt, H C A New Pathogenic Mould (Formerly 
Described as a Protozoan Coccidioides Immitis Pyogenes), Philadelphia M J 
5 1571, 1900 

2 Ophuls, W Further Observations on a Pathogenic Mould Formerly 
Described as a Protozoon (Coccidioides Immitis, Coccidioides Pyogenes), J 
Exper Med 6 443, 1900-1905 
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pulmonary infection in this disease, very piobably due to inhalation of 
the parasitic organism which causes it ” In 1929 Ophuls still held the 
opinion that inhalation of chlamydospores is an important factor, for 
when discussing the papers by Cummins, Smith and Halhday and by 
Pulford and Larson, he said ® 

For the mode of infection, all evidence so far gathered seems to point to 
respiratory involvement with a primary localization of the virus m the lung 
In almost all cases that have come to autopsy, it is possible to find an old primary 
focus in the lungs, and the pulmonary lesions are often of great clinical and 
pathologic importance The infecting agent is evidently the spore which develops 
on the aerial hyphae of the mycelium of the fungus It is probably the spores 
of the fungous growth that becomes mixed with dust and are then inhaled into 
the lungs The finding of the disease in animals such as cattle and sheep does 
not seem to me to suggest that the infection is from animals to human beings 
It IS much more likely that the animals contract the disease much m the same 
way as human beings do in the infected region 

The majority of workers, however, have apparently disregarded the 
fact that m the vegetative stage of growth the fungus Coccidioides 
reproduction is accomplished by means of chlamydospores and have had 
their attention focused on the endospores, which are seen exclusively 
when the organism has become involved m its parasitic phase Since 
prolonged observation has failed to show any person to person or animal 
to person infection, there has been nothing to show how this disease 
may be transmitted, if one fails to remember that the chlamydospores 
of the vegetative stage may be responsible for the primary infection 
Various possible methods of transmission, even including transmission 
by insects,^ as m tularemia or Rocky Mountain spotted fever, have been 
suggested, but none has been proved to be adequate 

Unquestionable proof that inhalation of chlamydospores of the 
fungus Coccidioides will cause infection of human beings was given 
by the case of a young man who became infected m the laboratory of 
the Department of Public Health and Preventive Medicine at Stanford 
University Medical School His case was mentioned in a previous 
report in the Archives of Internal Medicine ® and more fully dis- 
cussed later m Cahfoima and Western Medicine^ In the latter report 
4 other cases were cited in which the patients had acquired their illness 

3 Ophuls, W, in discussion on Cummins, W T , Smith, J K, and Halli- 
day, C H Coccidioidal Granuloma, J A M A 93 1046 (Oct 5) 1929 Pul- 
ford, D S , and Larson, E E Coccidioidal Granuloma, ibid 93 1049 (Oct 5) 
1929 

4 Jacobson, H P Fungus Diseases, Springfield, 111, Charles C Thomas, 
Publisher, 1932, p 213 

5 Dickson, E C Coccidioides Infection Part I, Arch Int Med 59 1029 
(June) 1937 

6 Dickson, E C “Valley Fever” of the San Joaquin Valley and Fungus 
Coccidioides, California & West Med 47 151, 1937 
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in the San Joaquin Valley and were typical cases of the “valley fever 
or “desert fever” of that district This disease has been recognized 
frequently in the San Joaquin Valley, but so far as we can learn had 
not hitherto been described in the medical literature The first time 
it was mentioned m an official publication was in the annual report to 
the county supervisors by the Kern County Department of Public 
Health for 1935-1936, where it was described as San Joaquin fever 
The frequency of the disease is indicated by replies to a question- 
naire which was mailed on May 15, 1937, to physicians who were prac- 
ticing in eight counties of the San Joaquin Valley They were asked how 
many cases of San Joaquin fever or erythema nodosum had been recorded 
since Jan 1, 1936 Of 127 physicians who replied, 52 reported that they 
had recorded no cases during that time, but 75 reported that they had 

Cases of Valley Fever Recorded by Seventy-Five Physicians in the San Joaquin 
Valley, Calif , from Jan 1, 1936, to May 15, 1937 


San Stanfs- 



Fresno 
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Cough and sputum 
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6 
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15 

124 

Eecovery without com- 
plication 

65 

115 

20 

31 

11 

15 

17 

51 

325 

Progressed to typical 
coccidioidal granuloma 


1 
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recorded 354 cases up to May 1937 The accompanying table shows 
in what counties these 75 physicians were located and that the occur- 
rence of cases was recognized in all parts of the San Joaquin Valley, 
although more frequently in the southern counties For instance, 263 
of the 354 cases were reported from Fresno County and the counties 
south of Fresno 

It was found that valley fever occurs at all seasons of the year. Of 
the cases reported in the answers to this questionnaire, 32 per cent had 
their onset in the spring-, 23 per cent in the summer, 25 per cent in the 
autumn and 20 per cent in the winter Both sexes were affected, 138 • 
cases (39 per cent) were in males and 216 (61 per cent) were in 
females Persons of all ages were included 3 per cent were children of 
preschool age, 18 per cent were children of school age, 51 per cent 
were young adults and 28 per cent were persons over 40 It is par- 
ticularly interesting that all 354 patients but 1 recovered without compli- 
cations after an illness of a few weeks In 1 patient coccidioidal 
meningitis developed and was fatal 
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The onset of the acute illness is often spoken of at first as a bad 
cold or “flu ” Usually the patient complains of feeling ill, with head- 
ache and often with general body aches and pains Some complain 
especially of aches and pains about the chest, as in pleurisy, and some 
of indefinite gastrointestinal disturbance Frequently there is a history 
of mild sore throat, which is sometimes attributed to tonsillitis Occa- 
sionally there is some conjunctivitis, with hyperemia of the scleras but 
with nothing suggestive of phlyctenules Fever may begin at the time 
of onset of symptoms or four or five days later, after distress in the 
upper respiratory tract has attiacted attention Not infrequently the 
temperature is not higher than 100 to 101 F , but sometimes, usually later, 
when signs of bronchopneumonia appear, it may be 104 or even 105 F 
Once in a while a patient has an early chill, and some complain of sweat- 
ing, but chills and sweats are not constant 

There is usually bronchitis, sometimes with unproductive cough, but 
varying amounts of sputum are common It appears that cough and 
the production of sputum occur relatively early and often cease after a 
few days At times the sputum is produced in considerable amount and 
may be streaked with blood Often the patient improves after a few 
days’ illness and feels that he is getting better, but in from eight to 
fifteen days after the onset, erythematous nodules develop on the skin, 
these are described popularly as bumps The lesions are typically those 
of erythema nodosum in most cases, but sometimes have the appear- 
ance of erythema multi foi me 

The erythema nodosum usually appears primarily on the shins, 
where the nodules are most numerous Not infrequently they may 
occur on the thighs, sometimes on the buttocks or on the arms and 
occasionally in the scalp or on the upper portion of the thorax, pro- 
ducing a collar-hke arrangement around the root of the neck The 
lesions do not fluctuate or suppurate but may be fiery red and so tender 
or painful that the weight of the bedclothes may be disagreeable At 
other times they are merely hypersensitive Within from forty-eight 
to seventy-two hours they begin to turn purplish and fade, and in four 
or five days they have usually disappeared except for a brownish pig- 
mentation, which may peisist for weeks after the tenderness and swell- 
. mg have disappeared Occasionally, but larely, there may be a 
successive crop of erythema nodosum after an interval of three or four 
weeks 

The temperature usually subsides gradually after the “bumps” dis- 
appear (fig 1), and usually there are no recurrences The leukocyte 
count usually ranges from normal to about 15,000, but the differential 
count often shows eosmophilia The highest eosinophil count which we 
have seen was 8 per cent on the day the “bumps” first appeared, which 
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increased to 13 per cent five or six days later and then dropped to 2 per 
per cent In 1 case in which there were two crops of erythema nodosum 
about four weeks apart, there were 10,800 leukocytes, with 7 per cent 
eosinophils, with the first attack and 5,500 leukocytes, with 5 per cent 
eosinophils, at the time of the second attack In the interval between 
the two outcroppings the eosinophil count was not higher than 
2 per cent In another case, one in which there was no erythema 
nodosum, the patient suffered pains in the wrists and ankles at the time 



1 Temperature chart The patient had valley fever and entered Stan- 
ford University Hospital at the time erythema nodosum appeared 


the erythema nodosum might have been expected, and during that 
penod there were 8 per cent eosinophils 

A diagnosis of valley fever is seldom if ever made before the 
erythema nodosum is present , in fact, the presence of erythema 
nodosum is one of the manifestations on which the diagnosis 
depends It is the tenderness or pain in the erythematous lesions, the 
so-called bumps, which brings many of the patients under medical atten- 
tion It IS said that a large percentage of patients never seek medical 
attention at all, particularly if the erythematous lesions are not painful; 
and it is known that some patients infected with Coccidioides have an 
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illness which is diagnosed as “flu” or have more or less severe pneu- 
monia without the occurrence of erythema nodosum Consequently, it 
IS often said that there is no sputum when the patient comes under 
medical observation, although there may be a history of some cough 
with sputum at the beginning of the acute attack In reply to the ques- 
tionnaire in which 354 cases of valley fever were reported, of only 174 
was It stated that there were cough and sputum at the time of erythema 
nodosum, but at the Stanford University laboratory forty-three speci- 
mens of sputum from patients with valley fever have been received for 
examination, of which thirty-six contained Coccidioides Most of the 
sputums containing Coccidioides were collected between from six to 
twenty days after the date given as that of the onset of acute illness, 
but there was 1 case in which the sputum still showed the fungus after 
two months Specimens from patients in hospitals m San Francisco 
showed the fungus when collected from seventeen to thirty days after 
the onset of illness It should be remembered that for children who are 
too small to raise sputum, gastric lavage is necessary, as in early 
tuberculosis In 1 such case the washings obtained by gastric lavage con- 
tained mucopurulent material in which were sporulatmg and nonspor- 
ulating spherules of Coccidioides Pure culture of the fungus was 
obtained from the mucopurulent material, and guinea pig inoculation 
proved that it was a virulent Coccidioides It was also found that the 
coccidioidal spherules were soon digested out by the acid gastric secre- 
tion 

The laboratory diagnosis of Coccidioides from a study of the sputum 
is not difficult if one but remembers to look for the spherules Char- 
acteristic spherules may be seen in fresh cover slip preparations in many 
instances All that is necessary is to study the fresh unstained specimen 
under a microscope, with the illumination cut down, as for examination 
of urinary sediment for casts Plain spherules or spherules with endo- 
spores may be seen, the double-contoured capsules being distinct with 
a low degree of illumination It should be remembered that the 
spherules average about 30 microns in diameter Stained smears are 
less satisfactory than fresh cover slip preparations, because the spher- 
ules are likely to be distorted during the process of drying and fixing 
The fungus grows readily on ordinary culture mediums, but for diag- 
nostic purposes Sabouraud medium is preferable Growth of the fungus 
usually appears in from forty-eight to seventy-two hours, but a culture 
should not be called sterile until at least a full week of incubation has 
elapsed The colony appears as a white fungous growth, which grad- 
ually enlarges until it may be 1 inch (2 5 cm ) or more m diameter 
when on an agar plate It consists of white, finely branched mycelium 



859 


DICKS O N-GIFFORD—COCCIDIOIDES INFECTION 

For dififerential diagnosis of the fungus and to establish its virulence, 
it IS necessary to inject the fungus into a guinea pig If male animals 
are selected and intraperitoneal injections are given, it will be found 
that the testicles enlarge, as m glanders, within two or three weeks 
When the animal is killed, m about one month or six weeks, there is 
extensive involvement in the organs of the peritoneal cavity, often in 
the lungs, in the omentum and m the regional lymph glands, as well as 
in the testicles Pus from the lesions shows many sporulating and 
nonsporulating spherules of Cocci dioides By intratesticular injection 



Fig 2 — ^Roentgenogram of a patient with valley fever in the Kern County 
Hospital, Bakersfield, Calif Coccidioides was recovered from the sputum 

the time necessary for identification of the spherules in pus from the 
testicles may be reduced to from ten to fourteen days 

If roentgen examination of the chest is made at the time the ery- 
thema nodosum appears, opacities in the pulmonary shadows are seen 
which have often been described as indicating tuberculosis (fig 2) 
For instance, concerning the first patient who was observed, a young 
man who was infected m a laboratory. Dr W E Chamberlain, then at 
Stanford University Medical School, wrote m his report of Sept 19 
1929 

Roentgenographically there seems to be massive involvement of the upper lobe 
of the right lung with tuberculosis, lobar pneumonia is, of course, a possibility 
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from the roentgenographic standpoint, but my impression is that the clinical 
picture rules out pneumonia and makes tuberculosis the much more likely 
explanation 

On October 17, approximately one month later, Dr Chamberlain 
reported 

The abnormal densities in the left lung have entirely disappeared The abnor- 
mal densities in the upper lobe of the right lung are considerably more than half 
gone, there remains just a trace of the former mottling and consolidation in the 
caudal portion of the upper lobe 

In another case, that of a 24 year old man who was admitted to 
Kern County Hospital, in Bakersfield, Calif , the following roentgeno- 
graphic report was made “A differential diagnosis between a bilateral 
exudative type of tuberculosis and bilateral bronchopneumonia with 
interlobar empyema of the right side must be made ” A subsequent 
roentgenogram of the chest, four and a half months after his discharge 
from the hospital, showed both lungs clear Typical Coccidioides, 
proved virulent by guinea pig inoculation, was recovered from the 
sputum in both of these cases 

Similar reports have frequently been made by many roentgenologists 
who have examined patients with so-called valley fever The typical 
picture includes evidence of enlargement of the hilar glands, branching 
shadows from the hilar region of the lungs and more or less scattered 
areas of shadows indicating involvement of the parenchyma of the 
lung, in either the upper or the lower lobes Signs of pleurisy, pleurisy 
with effusion or interlobar empyema may be seen at times 

It IS characteristic in the great majority of cases of acute coccidioido- 
mycosis that when roentgen examination of the chest is made from one 
to several months after the acute illness, it is found that the earlier pul- 
monary lesions, which appeared so similar to those of tuberculosis, have 
entirely disappeared and the lungs are described as clear (figs 3 and 4) 

Use of coccidioidm is particularly valuable in the diagnosis of valley 
fever Coccidioidm is a specific antigen used in making cutaneous 
tests It was first recognized by Davis,’^ in 1924, and latei studied by 
Hirsch and Benson,® da Fonseca and de Area Laeo ® and Jacobson 

7 Davis, D J Coccidioidal Granuloma, with Certain Serologic and Experi- 
mental Observations, Arch Dermat & Syph 9 577 (May) 1924 

8 Hirsch, E F , and Benson, H Specific Skin and Testis Reactions with 
Culture Filtrates of Coccidioides Immitis, J Infect Dis 40 629, 1927 

9 da Fonseca, O , and de Area Leao, A E Reaction cutanee specifique avec 
le filtrat de cultures de Coccidioides immitis, Compt rend Soc de biol 97 1796, 
1927 

10 Jacobson, H P Coccidioidal Granuloma Specific Allergic Cutaneous 
Reaction, Experimental and Clinical Investigations, Arch Dermat & Syph 18 
562 (Oct) 1928 
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Fig 3 — Acute infection with Coccidioides (valley fever) The sputum showed 
Coccidioides A, roentgenogram taken at the Kern County Hospital, Bakersfield, 
Calif , on July 29, 1936 B, roentgenogram taken on Dec 14, 1936 



Fig 4 — Acute infection with Coccidioides (valley fever) The sputum showed 
Coccidioides A, roentgenogram taken at the Kern County Hospital, Bakersfield, 
Calif , on March 9, 1937 B, roentgenogram taken on Oct 14, 1937 
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It was described by Jacobson^ as the filtrate of a broth culture of 
Coccidioides which has been incubated from ten to thirty days and then 
passed through a Berkefeld filter Kessel modified this by grinding 
a portion of the mycelium of the culture and adding it to the broth 
before filtration The method of use is the same as the Mantoux 
method of testing with tuberculin Jacobson reported that for general 
diagnostic work for infection with Coccidioides, 0 1 cc of the filtrate 
IS injected intracutaneously and if a positive reaction is obtained the 
characteristic local area of erythema is produced, which reaches its 
maximum intensity, often with some vesiculation, m about forty-eight 
hours The lesion produced begins to fade in a few days and usually 
has disappeared in from eight to fourteen days, but local pigmentation 
of the skin may persist for a variable time thereafter 

The length of time after infection that sensitization of the patient 
may occur is not known, but m guinea pigs and rabbits which have 
been infected by inhalation of chlamydospores, the coccidioidm tests 
first give a positive reaction six or seven days after the inoculation 
The length of time the sensitization lasts is also unknown, but persons 
who have been examined ten years after having valley fever have 
shown a strongly positive reaction to coccidioidm, although they had 
shown no indication of coccidioidal lesions since the occurrence of 
valley fever and were apparently entirely free from them at the time 
of examination 

Patients who are suffering from valley fever, the initial acute infec- 
tion of the respiratory tract with the chlamydospores of Coccidioides, 
react acutely to the coccidioidm test It has been found that with some 
lots of coccidioidm the intracutaneous injection of 0 1 cc may produce 
a severe reaction or even local necrosis of the skin in some cases It 
has therefore been found desirable to use diluted coccidioidm, up to 
1 1,000 dilution of some specimens, for the initial test With a speci- 
men of coccidioidm which we are using at present, it has been found 
that for the initial test it is preferable to use 0 1 cc of 1 1,000 dilution, 
followed if necessary by 0 1 cc of 1 100 or of 1 10 dilution It 
should be emphasized that it is necessary to use a syringe and needle 
which have not been used for tuberculin, as otherwise the reaction may 
be confusing if the patient shows a positive reaction to the tuberculin 
test 

It IS unfortunate that up to the present no method for standardiza- 
tion of coccidioidm has been perfected, and it is impossible to predict its 
potency except by clinical trial The active antigenic substance has 
not been identified The closest laboratory method of standardization 
IS to study the comparative reaction m infected gmnea pigs or rabbits, 

11 Kessel, J F Personal communication to the authors 
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but there is so little known about variations in the intensity of the 
infection and the possibility of varying degiees of sensitivity to different 
intensities of the infection that at present the differences in the reaction 
of laboratory animals is not satisfactory for standardization of material 
to be used on human beings 

The incidence of valley or desert fever, that is, the incidence of 
cases m which the initial symptoms resembled influenza, or “flu,” 
bronchitis and sometimes pleurisy or bronchopneumonia, followed by 
an outbreak of erythema nodosum, is high in the San Joaquin Valley 
The demonstration that the great majority of specimens of sputum from 
patients with valley fever have been shown by culture and guinea pig 
inoculation to contain virulent Coccidioides indicates that the majority 
if not all cases of valley fever are caused by infection with Coccidioides 
And the fact that the great majority of patients with valley fever sur- 
vive without apparent complications proves that infection with Cocccid- 
loides IS not, in all stages of the disease, the highly fatal disease which 
It has been believed to be From 1894 to July 1937, 495 cases of 
coccidioidal granuloma were reported in California, with 249 deaths, 
therefore, the mortality from coccidioidal granuloma in California has 
been practically 50 per cent However, the great majority of patients 
with valley fever survive, among the 354 patients in the series men- 
tioned, only 1 showed coccidioidal granuloma and died Hence, the 
mortality rate of patients who acquire infection with Coccidioides is 
extremely low The actual mortality rate cannot be estimated until 
there are accurate data concerning the actual incidence of cases of the 
preliminary acute infection 

5ut It has been found in a number of cases of acute infection with 
Coccidioides that erythema nodosum has not developed, therefore, 
these cases have not been included in the group of cases of valley or 
desert fever , usually or often the condition is classified as “flu ” In 
a number of such cases Coccidioides has been recovered from the 
sputum, but the percentage of such cases is not known However, in 
the cases in which coccidioidal granuloma has developed some have been 
noted m which there was no history of erythema nodosum, as well as 
cases in which there was a history of such an illness The incidence 
of valley fever, therefore, does not indicate the total incidence of acute 
infection with Coccidioides 

REPORTS OF CASES 

The following bnef abstracts of case histones indicate the various 
types which have been discussed The first group of 5 were of the 
type m which a diagnosis of valley fever was made, that is, cases in 
which erythema nodosum was present 
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Case 1 12 — A white farm laborer aged 23 had been exposed to dust in Kern 
County while harrowing He had lived in Kern County for three months On 
Dec 6, 1936, a severe cold developed, with pains in the chest During the follow- 
ing two weeks he felt ill and had a small amount of tenacious sputum On 
December 18 a rash developed which simulated rose spots on the arms and 
lower portion of the abdomen, but this was entirely cleared within three days 
On December 24 he had erythema nodosum on the legs, from the knees down 
The lesions were tender, reddened “bumps,” which he described as being “sore 
as a boil ” 

Roentgen examination of the chest showed a feathery irifiltration of the 
parenchyma of the lungs and considerable hilar adenopathy The sputum con- 
tained typical spherules of Coccidioides The leukocyte count was 17,850, with 
2 per cent eosinophils The coccidioidin test gave a strongly positive reaction, 
a well marked bleb and edema developed, with an erythematous area measuring 
25 by 35 mm in diameter 

After a troublesome illness the patient became afebrile and apparently recovered 
completely On Sept 3, 1937, a roentgenogram showed that both pulmonary fields 
were entirely clear 

Case 2 ^ 2 — A white woman aged 41 had been picking cotton in Kern County, 
where she had lived for seven months She complained that the cotton was dusty 
On Dec 24, 1936, she complained of fever, pains in the chest, cough and soreness 
throughout both sides of the chest She entered the Kern County Hospital on 
January 4, where a diagnosis of infection of the upper respiratory tract was made 
She left the hospital on January 12, against her physician’s advice, because she 
was feeling so much better On January 14 reddened, tender, swollen “bumps” 
developed on the anterior and posterior surfaces of the legs and on the thighs 
The roentgenogram of the chest taken on January 25 showed increased density 
in the right hilar region, with small projections extending into the pulmonary 
fields The coccidioidm test showed a central bleb, measuring 20 by 25 mm , 
surrounded by a hyperemic area, measuring 80 by 100 mm 

The leukocyte count was 6,850, with 78 per cent polymorphonuclear neutrophils 
Culture of the sputum showed growth of a white mold, and on guinea pig inocu- 
lation infection with Coccidioides was produced The patient recovered 

Case 3 — A white boy aged M/z years was brought to the Stanford University 
Hospital from Tulare County on April 13, 1937 His mother said he had had 
fever for two weeks and painful red nodules on the shins for two days On 
March 27 he had become irritable and complained of sore throat His tem- 
perature was 100 F , and it was considered that he had a cold For a time there 
was constipation, with cramps in the bowels The fever continued, and a few 
days after the onset the temperature ranged between 103 and 104 F At this 
time there was a so-called heat rash on the trunk and neck, which lasted for 
one or two days Two days before his admission to the hospital red, painful 
nodules appeared on the shins, lower portion of the thighs and buttocks which 
reached their maximum intensity within forty-eight hours and then began to fade 
The child had become apathetic, had slept poorly and had had “night cries” for 
about four days before entry A diagnosis of valley fever had been made by 
the local physician in Tulare County 

12 This patient was treated in the Kern County Hospital, and the case was 
included m the annual report of the Kern County Department of Public Health, 
1936-1937 



DICKSON-GIFFORD—COCCIDIOIDES INFECTION 


865 


On physical examination nothing unusual was detected except the lesions on 
the lower extremities, the buttocks, the extensor surface of the right forearm and 
just above the left elbow The nodules were warm, red and purplish red, indu- 
rated and tender but not painful, they were discrete or confluent On the shins 
they were up to 3 cm in diameter, but elsewhere they were not larger than 1 5 cm 
A tuberculin test gave a negative reaction, but the coccidioidin test gave an 
extremely positive reaction, so marked that for a time local necrosis of the skin 
was feared The blood count showed 8,200 leukocytes, with 53 per cent poly- 
morphonuclears and 3 per cent eosinophils The sedimentation test was rapid — 
31 mm in sixty minutes 

Because there was no expectorated sputum, gastric lavage was done The 
stomach washing contained mucopurulent material in which typical spherules 
of Coccidioides were seen Culture and guinea pig inoculation proved that the 
diagnosis was infection with Coccidioides (fig 5) 

A roentgen examination of the chest was made on April 14, and it was 
reported as follows The pulmonary roots were heavy, particularly on the left 
side There was also some parenchymal infiltration on the left side at the level 
of the seventh and eighth ribs posteriorly The pleura between the upper and 
the lower lobe was thick In conclusion it was reported that the appearance 
was compatible with tuberculosis (fig 6) 

The child made an uninterrupted recovery and appeared to be well On June 
26, 1937, a second roentgenogram of the chest was reported as showing that the 
density in the lower lobe of the left lung had cleared remarkably, leaving only 
the faintest perceptible granularity in that region 

Case 4 — A white man aged 26, a medical student, was planning work with 
Coccidioides in a laboratory of Stanford University Medical School On the 
first day, Aug 29, 1929, that he worked with the fungus he inadvertently opened 
a Petri dish containing a plate culture which was several months old He noticed 
a fine brownish dust rise from the culture Undoubtedly they were chlamydo- 
spores No other opportunity for infection was known 

On September 6, eight days later, he noticed pains in the chest, resembling 
the pain of pleurisy, which rapidly increased in severity In the evening a 
physician could find no signs of involvement m the chest but strapped it to give 
relief The temperature at the time was 99 F For the next nine days he was 
far from well and tired easily His cough became more severe, and he was 
obliged to spend part of his time in bed In the morning there was much purulent 
sputum, which was sometimes streaked with blood He had nearly constant 
headache, backache and aching in the legs He felt that he had a fever 
but did not use a thermometer On September 19 he found that he had lost 
15 pounds (6 8 Kg ) in two weeks 

The patient was then confined to bed, and it was found that the temperature 
ranged between 99 and 100 F A blood count showed 10,800 leukocytes, with 
57 per cent polymorphonuclear neutrophils and 7 per cent eosinophils The 
eosinophil count decreased in a few days to 2 per cent 

On September 25 a red, painful nodule appeared on one shin, and the next 
day there were several similar nodules on both shins They were red, hot 
and tender and measured about 1 5 cm in diameter They began to subside by 
September 30 and on October 3 were practically gone On November 14 there 
was a second crop of similar lesions on the shins, which reached their maximum 
size in two or three days and then disappeared The eosinophil count at that time 
was 5 per cent of 5,500 leukocjdes 




Fjg 6 — Acute infection with Coccidioides (valley fever) The sputum (see 
fig 5) showed Coccidioides A, roentgenogram taken on April 14, 1937 B, 
roentgenogram taken on June 23, 1937 
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On November 25 his physician noted that he \\as progressn elv better There 
was no cough or any other pulmonary symptoms 

The first sputum culture was made on September 24 and the last on Septem- 
ber 27 The production of sputum ceased on that date, and no further specimens 
could be obtained Examination of the sputum on September 26 showed no 
acid-fast bacilh Cover slip preparations contained a moderate number of 
cocadioidal spherules; the majority were nonsporulating, and a few had endo- 
spores Culture showed the characteristic fungous growth, and guinea pig inocu- 
lation resulted in typical lesions due to Coccidioides 

The roentgen examinations of the chest made on September 19 and October 17 
have already been reported on Subsequent examinations have been made fre- 
quently, and it has alw^ays been reported that the lungs w'ere clear The patient 
has been apparently w'ell since the summer of 1930. 

Comment — ^The next case proves that typical acute valle}'^ fever 
may progress to coccidioidal granuloma and cause death 

Case 5 — A 50 year old white housewife had lived m Kern County for tw'o 
months She and her family were obliged to live m an auto camp beside a high- 
way which was being graded and therefore were exposed to heavy clouds of 
dust On Nov 6, 1936, she had a severe cold, pleurisy and cough, with 

expectoration of thick, glairy, mucopurulent sputum The thoracic symptoms 
improved in about three weeks, and erythema nodosum then developed, with char- 
acteristic “bumps" on the legs, thighs, forearms and hands In December she 
entered Kern County Hospital, complaining of symptoms of meningitis Repeated 
spinal punctures and finally trephine of the skull were performed to relieve the 
headaches and vomiting The patient grew steadily weaker and died on May 13, 
1937 At autopsy basilar coccidioidal meningitis was evident, culture and 
guinea pig inoculation of purulent exudate from the base of the brain proved 
that the infection was due to Cocadioides • 

The white blood cell count was 12,800, with 61 per cent polymorphonuclear 
neutrophils A roentgenogram of the chest taken on January 22 showed increased 
density of the parenchyma of the lower lobe of the left lung 

Comment — It has already been stated that in all cases of acute 
primary infection with the chlamydospores of Coccidioides, erythema 
nodosum does not develop and therefore not all cases are classified 
as cases of valley fever, some being classified as cases of “flu’’ or 
bronchopneumonia The folloiving cases were of the latter type 

Case 6 — ^A white man aged 26, a field geologist, was working on a “dusty 
job” in Kern County in December 1929 On December 28 he did not feel well 
and two days later had nausea, vomiting and diarrhea for one day, followed by 
constipation On Jan 1, 1930, he had stabbing pains in the upper left portion 
of the chest, but this soon subsided The temperature was 100 5 F He con- 
tinued to feel ill and was able to work only part time On January 9 and 10 
he had aching pains in the ankles and wrists and began to cough and raise 
sputum He was admitted to the hospital on January 14, complaining of pain, 
fever, malaise, cough and expectoration The detailed hospital record is not avail- 
able, but a diagnosis of bronchopneumonia was made The temperature was 
103 2 F on the day of entry but was down to normal in four days It did not 
rise again thereafter 
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On January 14 a roentgenogram of the chest was reported as showing rather 
marked enlargement of the hilar glands, with slight, coarse mottling throughout 
the upper half of the left lung It was concluded that the patient had tuber- 
culosis On January 28 another roentgenogram of the chest was reported as 
showing slightly less prominent markings than on the previous examination On 
March 24 it was reported that the lungs were clear 

Examination of the sputum on January 27 was reported as showing no acid- 
fast bacilli or spherules of Oidia On Sabouraud medium there was a fungous 
growth which was said to resemble that of Coccidioides On February 21 it 
was reported that a guinea pig which was given an injection of the culture of 
the sputum showed generalized infection with coccidioidal granuloma 

It was a feature of this case that there was no erythema nodosum, but on 
January 7 and January 13 it was noted that there were 4 per cent and 6 per cent 
eosinophils, respectively, just before and after the patient complained of pains 
in the ankles and wrists The patient made an uninterrupted recovery from the 
acute illness 

Case 7 — A Negro boy aged 15 was first seen in Fresno, Calif , on Sept 14, 
1936 About the middle of August 1936 he became ill, with chills, afternoon fever, 
night sweats and cough with sputum He lost about 22 pounds ( 10 Kg ) in three 
weeks Tuberculosis was suspected because fluoroscopic examination showed 
infiltration of the left lung, with the densest part near the hilus Serial roent- 
genograms made in the Alameda County Hospital, to which he was referred, 
showed rapid clearing of the infiltration in the left lung He remained in the 
hospital for two months The sputum and stomach washings did not show 
tubercle bacilli, and guinea pig inoculation did not cause tuberculosis 

On December 4 the boy was seen in the clinic and said he had been 
feeling well and was gaming weight Roentgen examination showed that the lung 
had cleared except for heavy peribronchial markings toward the base of the 
•left lung 

On January 8 he still felt well but showed a hard, diffuse swelling on the 
left forearm just below the elbow A roentgenogram showed no lesion of the 
bone, but by February 10 a small sinus had opened from this area On February 
19 a similar swelling was present on the left thigh just above the knee This 
was fluctuant at the center, and fluid was removed by aspiration This was proved 
by culture and guinea pig inoculation to contain Coccidioides 

The roentgenograms of the chest, when viewed from the standpoint of acute 
infection with Coccidioides, seemed to be identical with those of patients with 
acute valley fever (fig 7) The maximum lesion was at or near the hilus and 
was associated with parenchymatous shadows, which cleared rapidly It seems 
probable, therefore, that the acute onset was due to primary infection with 
Coccidioides, without erythema nodosum, which was followed by lesions of 
coccidioidal granuloma in the extremities 

Case 8 i^—A white man aged 41 was first seen by his physician on July 26, 
1936, for acute infection of the upper respiratory tract The physician made a 
diagnosis of pneumonia and sent the patient to a hospital Bacteriologic exami- 

13 Reported to us by Dr G E Koerber, of Oakland, Calif 

14 This case was reported by Dr De W Higgs, of Chula Vista, Calif 
Autopsy was performed by Dr H A Ball, of the San Diego General Hospital, 
San Diego, Calif 
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nation of the sputum showed growth of a white fungus The patient made a 
fair recovery and was sent home There was no history of erythema nodosum 
About SIX weeks later the patient had an acute attack, accompanied by numb- 
ness of the arms and legs and marked dizziness For a few days he continued to 
work but became progressively worse and was again sent to the hospital After 
a severe illness with marked mental derangement, he died in February 1937 
Autopsy was performed on February 26 The anatomic diagnosis was coccidioidal 
granuloma with chronic basilar meningitis The only coccidioidal lesion reported, 
other than those in the meninges, was a small fibrocaseous nodule, measuring 
slightly more than 1 cm in diameter, in the upper lobe of the left lung Culture 
could not be made because the body had been embalmed, but smears showed 
numerous pus cells and spherules of Coccidioides in various stages of development , 
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Fig 7 — Acute infection with Coccidioides (valley fever) followed by coc- 
cidioidal granuloma A, roentgenogram taken at the Alameda County Hospital, 
Oakland, Calif , on Sept 17, 1936 B, roentgenogram taken on April 19, 1937 

COMMENT 

It follows that acute piimary infection with the chlamydospoi es of 
Coccidioides is of frequent occurrence in the San Joaquin Valle}' and 
usually causes a mild disease from which the great majority of victims 
lecover without appaient complications In a few cases coccidioidal 
granuloma subsequently develops when the causative organisms become 
disseminated by the blood stream No attempt has been made m this 
report to discuss the pathology of primary infection due to Coccidioides, 
but It may be said that m guinea pigs and rabbits which are foiced to 
inhale the chlamydospores of the vegetative phase of the growth of the 
fungus, interstitial pneumonia is produced which tends to clear promptly 




870 


ARCHIVES OF INTERNAL MEDICINE 


In the acute disease there is no immediate formation of tubercles, but 
the process is apparently limited to changes which follow the absorption 
of the chlamydospores by the lymphatic system Roentgenograms of 
the chest of the infected animals show the same hilar and parenchyma- 
tous shadows in the lungs, which clear promptly, as those in human 
beings After such a process there is marked enlargement of the peri- 
bionchial lymph nodes which drain the pulmonary field 

The reaction to inhaled chlamydospores, therefore, is a temporary 
irritation of the lymphatic system which does not cause immediate 
destruction of tissue and severe tissue damage or the production of 
granulomatous changes When the chlamydospores are injected sub- 
cutaneously or into the blood stream, on the other hand, the foci of 
infection which are induced are typically granulomatous, and there are 
many spherules Reproduction of the fungus in the parasitic phase is 
by endosporulation, and if the spoies gam access to the blood stream 
they may be widely disseminated 

It is obvious that the well established name coccidioidal granuloma 
IS not applicable to primary infection due to inhalation of the chlamy- 
dospores of Coccidioides, because the immediate reaction to such a type 
of infection is not to produce granulomas It is desirable, therefore, 
to have some name which is applicable to all types of infection with 
coccidioides, whether primary or progressive (secondary) 

In a previous report ® the same coccidioidomycosis was suggested 
This corresponds in form to such accepted tenns as actinomycosis and 
blastomycosis, which indicate infection with the fungi Actinomyces and 
Blastomyces, respectively Individual cases can be classified as due to 
primary coccidioidomycosis and progressive (secondary) or granulom- 
atous coccidioidomycosis with further classification indicating the site 
of the granulomatous lesions if desired 

Such a nomenclature is somewhat cumbersome, it is true, but its use 
indicates recognition that there are different manifestations of infec- 
tion with Coccidioides and that coccidioidal granuloma is not a disease 
entity but a late progressive or secondary phase of an infectious disease 
which IS caused by the fungus Coccidioides 

SUMMARY 

It has been shown that infection with the fungus Coccidioides may 
cause disease of a primary or secondary progressive type 

The pnmary form of the disease is due to inhalation of the chlamy- 
dospores formed in the vegetative phase of the growth of Coccidioides 
Infection with Coccidioides is common in the San Joaquin Valley 
in California, it is usually mild, and the great majority of patients 
recover without complications 
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The condinoa is oiten diagnosed as a bad cold or ‘ fiu in the begin- 
ning. bat vrhen einnhenia nodosum occurs in its course it is popular!} 
knov.-n in the San Joaqmn Valley as desert or -s-alley fever. 

In a fevr cases the condition subsequently progresses to the higltl} 
fatal disease knovm as coccidioidal granuloma 

The name cocadioidom} cosis has been suggested to include all t}'pes 
of infection with the fungus Coccidioides 



PULSATING ANGIOMA (GENERALIZED TELANGI- 
ECTASIA) OF THE SKIN ASSOCIATED 
WITH HEPATIC DISEASE 


DONALD H WILLIAMS, MD 
Fellow m Dermatology and Syphilologj^ the Mayo Foundation 

AND 

ALBERT M SNELL, MD* 

ROCHESTER, MINN 

The association of two uncommon and apparently unrelated condi- 
tions in the same patient is unusual When this association occurs more 
frequently than can be explained by mere coincidence it must have some 
significance Such an association was first drawn to attention when 
Osier ^ observed that “angiomata have a curious relationship with affec- 
tions of the liver ” It seems that this association is more frequent than 
a review of the literature indicates, and it is my purpose to draw further 
attention to it, review the pertinent facts and present 6 cases recently 
observed at the Mayo Clinic 

CHARACTERISTICS OF CUTANEOUS ANGIOMA 

Though the cutaneous vascular lesions vary considerably in appear- 
ance, depending on their size, they all exhibit two essential chaiacter- 
istics (1) a central angiomatous poition and (2) radiating telangiectatic 
vessels The central portion varies from a bright red, punctate vascular 
point to a deep red, smooth, compressible elevation the size of a pea 
Parkes Weber ^ was the first to note pulsation in this central eminence 
In smaller lesions the radiating telangiectatic vessels may be limited 
to two or three fine, threadlike strands extending from 0 5 to 1 cm 
from the central point The medium-sized lesions exhibit a border, 
1 to 2 cm in width, made up of numerous radiating stellate telan- 
giectatic vessels, producing a spider or medusa-like effect The entire 
lesion may be suffused a dusky red from dilatation of deep lying vessels 

* From the Division of Medicine, the Mayo Clinic 

1 Osier, W On a Family Form of Recurring Epistaxis, Associated with 
Multiple Telangiectases of the Skin and Mucous Membranes, Bull Johns Hopkins 
Hosp 12 333-337 (Nov ) 1901 

2 Weber, F P Haemorrhagic Telangiectasia of the Osier Type — “Telan- 
giectatic Dysplasia” An Isolated Case, with Discussion of Multiple Pulsating 
Stellate Telangiectases and Other Striking Haemangiectatic Conditions, Brit J 
Dermat 48 182-193 (April) 1936 
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In the largest lesions a few of the radiating A^essels may assume the 
appearance of small, tortuous cyanotic varicosities The smaller lesions 
are indistinguishable from naevus araneus, or spider nevus, seen com- 
monly on the cheeks of children 

In most instances the lesions are limited to the skin of the head and 
neck, of the upper part of the chest and shoulders and of the fingers, 
dorsa of the hands and forearms Occasionally they may be general- 
ized, but m such cases most of them are in the sites mentioned A 
prominent feature is the occurrence of lesions on the nasal and buccal 
mucosa Slight trauma to any of the lesions, the nasal ones in par- 
ticular, may give rise to alarming hemorrhage The familial tendency 
which IS prominent m some cases has caused the condition to become 
known as familial or hereditar}^ hemorrhagic telangiectasia (Osler- 
Rendu-Weber syndrome) 

HEPATIC DISEASE 

The associated hepatic disease is usually chronic, and the findings 
of cirrhosis with splenomegaly preponderate Arsenic, alcohol and 
syphilis are the common etiologic agents Low grade hepatitis, splenic 
anemia and a malignant growth of the metastatic type have been 
observed The concomitant changes m the constituents of the blood 
resulting from the hepatic disturbance are seen, and ascites, icterus and 
splenomegaly are frequent The familial tendency observed in cases of 
cutaneous angioma is not so obvious in cases m which there is associated 
hepatic disease , van Bogaert,^ however, has presented 2 cases of familial 
hepatic cirrhosis with angioma 

The relation of the time of the onset of the cutaneous lesions to 
that of the onset of the hepatic disease is of interest In most cases 
the angiomas appear first, and frequently they antedate the hepatic dis- 
turbance by fifteen to twenty years Usually the patient states that a few 
small, isolated lesions on the face or epistaxis (indicative of lesions of 
the nasal mucosa) was noted a number of years prior to the onset of 
symptoms and signs of hepatic disease With the onset of the hepatic 
disease the cutaneous lesions often increase rapidly m size and number 
It is not unusual to observe partial regression of the angiomas with 
improvement in the hepatic condition Although difficult to prove, it 
seems likely, since the hepatic disease is chronic, that the damage to this 
organ may antedate the clinical appearance of symptoms by a long 
period, it IS, in fact, possible that the damage might even date back 
to the time of the onset of the cutaneous angiomas 

3 van Bogaert, L , and Scherer, J H Hemangiomatose farmhale de Rendu- 
Osler et cirrhose hepatique, contribution a I’etude des cirrhoses familiales, Ann 
de med 38 290-300 (Oct ) 1935 
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REVIEW or THE LITERATURE 

Fifteen cases of cutaneous telangiectasia nith associated hepatic dis- 
ease have been lecoided A stimmai}’- of these cases is presented in the 
accompanying table There were 6 men and 9 women, langing in age 
tiom 35 to 73 years, most of them being in the fifth oi sixth decade of 
life The cutaneous vascular lesions of the “spidei” oi a naevus 
aianeus type were obseived on the face, neck, nasal mucosa, tongue, 
lips and hands In most instances the} had appealed during adulthood, 
and thev usually antedated, but often increased rapidly m extent and 
numbei nith the onset of, the symptoms of the hepatic disorder In 10 
of the cases theie was associated familial hemoirhagic telangiectasis 
]-Iepatic cirrhosis was present in 5 cases, metastatic carcinoma of the 
Inei m 2 and hepatosplenomegaly of an undiagnosed type in 6 Jaun- 
dice was noted in 2 cases, splenomegaly in 8, syphilis in 1 and pulmonar} 
tulieiculosis in 1 Alcohol seemed to be a factor in at least 3 cases 
‘V laie finding in van Bogaeit’s 2 cases was the piesence of both familial 
ciiihosis and familial telangiectasia 

MATERIAL IN PRESENT STUDY 

Six cases ot cutaneous angioma of the stellate type associated with 
hepatic disease have been encountered recently at the Mayo Clinic The 
angiomas presented the characteristics previously described It was 
noted that when pulsation could not be felt in small lesions, it could be 
demonstrated b} gentle pressure with a diascope In only 1 instance 
was there a suggestive familial tendenc} The tendency for the 
cutaneous lesions to antedate the clinical appearance of hepatic dis- 
ease was apparent In contrast to the age range of the patients reported 
on in the literature, 3 of the patients in the present series were ado- 
lescent The hepatic disease was predominantly of the cirrhotic type, 
m 2 cases this n as proved at necropsy In 2 cases S} philis was present, 
which together with the fact that aisenic was probably used thera- 
peuticalh maY haYC been an etiologic factoi 

REPORT or CASES 

C \SE 1 — A college student aged 18 years was seen at the clinic in Februari 
1937 He had been jaundiced for approximately two and a half months There 
■were no other complaints of consequence The patient was well nourished and 
muscular but was slightly pale and moderately jaundiced Numerous pulsating 
spider angiomas were observed over the face and over the dorsum of each hand 
There was no familial history of such cutaneous lesions The liver was large and 
firm, the spleen was also readily palpable Examination of stained smears of 
the blood showed moderate hypochromic macrocytic anemia The value for serum 
bilirubin varied from 3 2 to 4 5 mg per hundred cubic centimeters The value for 
blood cholesterol was slightly reduced, and the value for plasma protein was 
lowered (5 8 Gm per hundred cubic centimeters, with an albumin-globulin ratio 
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of 1 2) A bromsulphalem test of hepatic function showed grade 3 retention of 
the d 3 ^e The sedimentation rate was considerably increased (117 mm in one 
hour) A diagnosis of subacute hepatitis with jaundice and pulsating cutaneous 
angioma w'as made 

Case 2 — A girl aged thirteen yeais w'as brought to the clinic in September 
1936 with the complaint of jaundice and of lesions of the skin The family his- 
tory W'as significant in one respect, in that a sister had a few angiomas on her 
face During the first four months of the patient’s life she had been definitel}' 
jaundiced This had eventually cleared up, how'ever, and she was w'ell until 1932 
At that time angiomas were first noticed on her face, and two years later some 
appeared on her fingers Early in 1936 a large number of angiomas appeared on 
her arms, neck and lips In April 1936 jaundice again made its appearance, and 
a month later epistaxis occurred on several occasions At the time of the patient’s 
last examination she was in excellent general condition except for the fact that 
she showed the large number of angiomas alreadj referred to and definite jaun- 
dice, the liver was large and firm and the spleen extended 2 cm below' the 
costal margin Macrocytic anemia w'as noted A bromsulphalem test of hepatic 
function show'ed grade 3 retention of the dye The value for serum bilirubin 
averaged 8 mg per hundred cubic centimeters The fragility of the er\thro- 
cytes W'as normal A flow of bile was obtained on duodenal drainage 

The patient’s general condition remained satisfactory until Sept 17, 1937, 
when abdominal pain, chills and fever suddenly developed, her temperature rose 
to 105 F and she lapsed into coma Treatment with continuous lenochsis of 
dextrose was given, and consciousness w'as regained on the sixth daj Three daj's 
later abdominal distention and vomiting developed, followed immediateh by gross 
bleeding from the intestinal tract The patient died on September 27 Necrops^ 
revealed chronic atrophy of the liver, the organ show'ing signs of previous exten- 
sive necrosis and some areas of nodular regeneration Free bleeding had occurred 
into the stomach and intestine Multiple hemorrhagic ulcers of the ascending 
colon and edema of the mucosa were also observed, their exact significance 
could not be determined The spleen w'as hypertrophic, weighing 230 Gm 

Case 3 — An unmarried housekeeper aged 35 years registered at the clinic in 
April 1932 She complained principally of anemia and w'eakness, splenomegah 
had been noted some time previousl}' and she came seeking advice concerning the 
advisability of splenectomy On physical examination there were no striking 
findings except moderate pallor and splenomegaly Examination of the blood 
revealed hypochromic anemia, with rather striking leukopenia and a reduction 
m the number of blood platelets The value for serum bilirubin was normal, 
the van den Bergh reaction w'as indirect and the bromsulphalem test of hepatic 
function showed grade 3 retention of the d 3 ’e On April 2 the spleen, weighing 
650 Gm , was removed by Dr Pemberton The In er was described as decreased 
in size and definitely nodular A specimen for biops 3 show'ed changes rather 
typical of those of atrophic cirrhosis There was no ascites, and no extensive 
collateral circulation had developed A diagnosis of Banti’s disease with poital 
cirrhosis w'as made 

The patient has been seen at the clinic at inter\als since that time, and the 
only development of significance has been the appearance of a large number of 
spider angiomas over the face, trunk and ai ms Repeated tests of hepatic 
function ha^e show'n continued improvement 
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C\SE 4 — A laundrjman aged 52 years has been seen at the clinic at \arious 
times since 1918 At the time of his first Msit he had definite clinical and serologic 
eiidence of tabes dorsalis and ^\as given adequate treatment with arsphenamine 
and heavy metals In 1918 jaundice developed during a course of treatment, this 
persisted for several weeks but gradually cleared On examination two years 
later the liver was found to be enlarged and firm In 1932 ascites developed, 
and a Talma-Morison omentopexy was performed elsewhere The liver at that 
time was described as showing definite evidence of cirrhosis In April 1937, the 
patient was again seen at the clinic and was markedly jaundiced There were 
multiple large pulsating angiomas of the stellate type scattered over the face, par- 
ticularly around the eyes (fig 1), and ov’^er the upper part of the trunk The 
liver and spleen were both enlarged and readily palpable Serologic tests 
for syphilis gave positive reactions, the formed elements of the blood were 
entirely normal except for a slight increase in the reticulated cells (4 1 per cent) 
and moderate macrocjdosis Roentgenologic examination for esophageal v^ances 



Fig 1 (case 4) — Pulsating angiomas mv’^olvmg the ej'^elids 


gave negative results A bromsulphalem test of hepatic function showed grade 2 
retention of the dye The blood gave a direct van den Bergh reaction, and the 
serum bilirubin reading was 5 2 mg per hundred cubic centimeters The value 
for serum protein was normal, but the value for cholesterol was considerablj’’ 
reduced (106 mg per hundred cubic centimeters) A diagnosis of atrophic 
cirrhosis on a syphilitic basis was made Word was received that the patient 
died in Maj 1937 The postmortem observ^ations were not av^ailable 

Case 5 — A cafe operator aged 41 years registered m May 1937 for considera- 
tion of his complaint of swelling of the abdomen and legs of three weeks’ duration 
He had been seen at the clinic in 1925 with a latent syphilitic infection of four 
jears duration and had been give adequate treatment with the arsenicals and 
bismuth A long history of alcoholic excess was noted Examination revealed 
scattered stellate angiomas on the face (fig 2) and trunk of approximately 
fifteen years’ duration The liver was tremendously enlarged and firm, and the 
spleen w'as just palpable (fig 3) There w'as considerable ascites, and a collateral 
circulation was visible Serologic tests for syphilis gave positiv^e reactions, and 
the bromsulphalem test of hepatic function showed grade 3 retention of the dye 
The v^alue for blood cholesterol was normal Examination of the formed ele- 
ments of the blood revealed slight macrocytosis 
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Fig 2 (case 5) — A large pulsating angioma is seen on the right cheek, and 
numerous small lesions are scattered on the lips, neck and adjacent upper poition 
of the chest 



Fig 3 (case 5) — Ascites and enlargement of the liver and spleen (outlined) 
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On histologic examination the pulsating lesion on the cheek uas found to be 
an elevated cavernous hemangioma extending from the pars subpapillaris do\\n 
deep into the cutis A stroma of loose, young connective tissue surrounded the 
vascular spaces On the periphery of the central angiomatous portion of the 
lesions there was telangiectatic dilatation of the vessels of the subpapillaris 



Fig 4 (case 5) — Sections of the large angioma from the right cheek, showing 
(_A) the central angiomatous portion and (5) the peripheral telangiectatic dilata- 
tion of a blood vessel in the upper portion of the cutis 

Figure 4 shoivs the central angiomatous element and the peripheral telangiectatic 
portion of the lesion A diagnosis of cirrhosis of the liver and pulsating angioma 
was made, and it was considered that both sj'philis and alcohol \\ere factors in 
the causation of the hepatic disease 
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Case 6 — A girl aged 12 years was admitted to the clinic in September 1937 
with the complaint of recurrent nosebleeds and jaundice of one j ear’s duration 
Elsewhere the spleen and liver had been found to be enlarged On examination 
at the clinic the patient was found to be moderately jaundiced, the liver and 
spleen were enlarged and there were many stellate pulsating angiomas scattered 
on the face, neck, arms, hands and right leg These had been present since the 
age of 4 years Laboratory examination revealed values for serum bilirubin 
which varied fiom 5 2 to 6 3 mg per hundred cubic centimeters, a direct van den 
Bergh reaction being recorded The values for plasma protein were normal A 
galactose tolerance test gave a positive result, raising the suspicion of recent 
hepatic injury The cholesterol reading was 116 mg per hundred cubic centi- 
meters of blood The formed elements of the blood w^ere not unusual except for 
a reticuloc 3 'te count of 10 6 per cent During the period of observation the 
patient had an afternoon temperature of from 99 to 102 F On October 12 
Dr Walters performed an exploratory operation The liver was enlarged, and 
the bile passages showed no signs of past or present obstruction Cholecystectomy 
was performed 

One week later the patient became drowsj' and semistuporous , blood oozed 
from around the drainage tube Death occurred on the eleventh postoperative 
da}--, the typical manifestations of hepatic insufficiency being present Necropsy 
revealed chronic atrophy of the liver, with marked fibrosis and nodular hyper- 
plasia, the spleen was hj'pertrophied, weighing 257 Gm Multiple subpleural 
and epicardial hemorrhages w'ere also seen, but theie was no gross bleeding into 
the digestive tract, such as occurred m case 1 

COMMENT 

The natuie of the association of cutaneous angioma and disease of 
the liver gives rise to much speculation The established facts concern- 
ing It are few The terms telangiectasis and angioma, applied by dif- 
ferent authors to the same cutaneous lesion, imply the concept of an 
acquired dilatation of existing blood vessels, on the one hand, and the 
concept of a neoplastic growth, on the other As a result of the histo- 
pathologic examination of a lesion m case 5, it seepis likely that both 
concepts are true, that the lesions are in effect both angiomatous and 
telangiectatic and that the foimer condition is primary and the lattei 
secondary 

The feature of pulsation observed by Paikes Weber is an impoitant 
characteristic, and it suggests a possible i elation of the lesion to the 
glomus bodies described by Masson Further woik is being earned 
out lelative to this point It is not difficult to conceive how a lesion 
causing marked dilatation of this arteriovenous anastomosis might 
lesult in a cutaneous lesion with the chaiacteristics of pulsation and 
radiating telangiectasia In addition, glomus bodies aie most fiequent 
on the hands, and it is heie that the angiomas aie numeious 

4 Masson, M P Les glomus cutanes de I’homme, Bull Soc frang de 
dermat et svpb 42 1174-1245 (July 7) 1935 



IVJLLIAMS-SNELI^ANGIOMA OF SKIN SSI 

That the lesions under consideration are identical with those of 
hereditar} hemorrhagic telangiectasia is apparent from a review of the 
literature and the reason vhy a hereditar}’- tendency is piesent in 
some cases and is not appaient in otheis is best explained on the basis 
that this tamihal chaiacteiistic is tiansmitted as a dominant in some 
persons and as a recessive in others The characteristic appears to be 
dominant in hereditary hemoirhagic telangiectasia, whereas it is piobably 
lecessne nhen there is no definite hereditary or familial tendenc} 

Wh} a ceitain percentage of persons born with the inherent char- 
acteristic either dominant or recessive, of being likely to have cutaneous 
pulsating angiomas should also be born with a liver m which cirrhosis 
is likely to develop cannot be explained Possibly these two inherent 
characteristics are closely related That there is some factor directly 
affecting the two conditions is demonstrated by the definite increase 
in the numbei of the angiomas with the onset and progression of clinical 
evidence of hepatic damage and by the fact that occasionally improve- 
ment in the hepatic disease has been repoited to have coincided with 
legiession of the angiomas 

It IS interesting to note, as lecorded by Weber, ° that hepatic cii- 
rhosis ma} be familial (dominant characteristic) He explained the 
vascular lesions on the basis of “a congenital-developmental dysplasia 
of the small blood-'vessels, potentially present at birth, though often 
not manifesting itself by obvious changes till after puberty ” He con- 
tinued as follows “What is the relationship of the hepatic ciirhosis, 
when present^ Is it the result of an associated developmental dys- 
biotroph} of the liver — i e , a congenital tissue or oigan infenorily 

Hanes,® and later Gjessing,'^ drew attention to the absence of mus- 
culai and elastic tissue elements m the vessel walls in cases of heredi- 
tai} telangiectasia Memmesheimer ® noted that the connective tissue 
in tlie vicinity of the dilated vessels consisted of a proliferation of young, 
not well differentiated connective tissue elements These workers claimed 
that this inherent w^eakness in the w^alls of the vessels and m the 
supporting connective tissue is a piedisposmg factor in the development 
of the vascular lesions What is the exciting factor w’^hich seems so 

5 Weber, F P Inborn and Familial Tendency to the Development of 
Hepatic Cirrhosis, Lancet 1 - 305-307 (Feb 8) 1936 

6 Hanes, F M Multiple Hereditary Telangiectases Causing Hemorrhage 
(Hereditary Hemorrhagic Telangiectasia), Bull Johns Hoplcins Hosp 20 63-73 
(March) 1909 

7 Gjessing, E Telangiectasia hereditaria haemorrhagica (Osier), Dermat 
Ztschr 23.193-211, 1916 

8 Memmesheimer, A M Zur Pathogenese der sogenannten essentiellen 
Telangiektasien, Dermat Ztschr 53 399-413 (April) 1928 
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closely related to the livei ? The absence of evidence of a toxic oi of an 
infective factor is seen from microscopic examination of the cutaneous 
lesion, which is, instead, of a neoplastic nature 

From this rather abstruse consideration of a piobably not mtie- 
quent association come a few practical consideiations Since as a 
rule the cutaneous manifestations of this syndiome appeal befoie the 
hepatic manifestations, whenever the formei are encounteied the} should 
prompt a thorough examination of the hvei and its functions, fuithei a 
pel son who exhibits such lesions should be looked on as a possible 
candidate foi hepatic disease, and the use of hepatotoxic drugs such as 
arsenic and alcohol should be interdicted A coiollai} to the foiegomg 
IS that in chronic hepatic disease pulsating cutaneous angioma will piob- 
ably be encountered more fiequently if one is watching foi it It 
appeals that the association is not uncommon 

SUMMARY AND CONCLUSIONS 

The association of cutaneous pulsating angioma (geneiahzed telangi- 
ectasia) and hepatic disease is not uncommon This association prob- 
ably depends on two inheient developmental characteiistics -which aie 
closely related 

The cutaneous lesions are primaiily angiomatous m natuie and ha^c a 
boi der of radiating telangiectatic vessels These lesions the de^ elopment 
of which represents a lecessive characteiistic, aie identical with those of 
hereditary hemorrhagic telangiectasia, in which condition then de\ elop- 
ment represents a dominant chai acteristic 

The hepatic disease is usually chronic, with cinhosis and atioph} ot 
the hepatic paienchyma piedominating Alcohol, aisemc and s}phihs 
aie associated factors 
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REVIEW OF NEUROPSYCHIATRY FOR 1938 
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BOSTON 

The notable e-vents of the yeai in nemopsychiatiy aie not as much 
1 elated to the scientific aspects as to the editorial aspects of the field 
Four new journals have appealed in Ameiica, and theie aie repoits that 
two more may be launched' Psycltmhy, a “journal of the biology and 
the patholog} of interpei sonal lelations,” is published in Washington 
as a memoiial to William A White As its name implies, it is con- 
ceined laigely with the dynamics of psychology in a broad way Epilepsia 
has been reboin, aftei a lapse of almost twenty-five years, under the 
guidance of William G Lennox in this country The Journal of Nemo- 
physiology, edited by Dusser de Baienne, Fulton and Geraid, fills a 
long felt need Coiifima New ologtca was staited by Spiegel and his 
colleagues in Philadelphia to leport advances m “bordeiland neui olog}'-,” 
1 e , the lelation of surgeiy, otology, laryngology, ophthalmology, syph- 
ilology and endocrinology to the neivous system Only one year oldei 
is the pioneei of the west coast, the Bnlletm of the Los Angeles Neuro- 
logical Society All this indicates a gieat mciease in neuiologic and psy- 
chiatiic leseaich and a need foi publication facilities b}’- an evei inci eas- 
ing numbei ot investigatois 


CEREBRAL CIRCULATION 

Duiing the past fifteen yeais theie has been a gieat deal of reseaich 
woik on the cn dilation of the brain This was stimulated by the clinical 
obseivations and speculations of a century oi more, for physicians liaA^e 
long been explaining many symptoms — headaches, fits, transient hemi- 
plegia and aphasia, syncope and hypertension — on the basis of tempoiaiy 
ceiebial anemia At a meeting of the Association for Reseaich m 
Ner\ous and Mental Disease m New York in December 1937 a sym- 
posium was held on the circulation of the biain and spinal cord This is 
lepoited at length in the proceedings of the society published in 1938, 
entitled “Circulation of the Brain and Spinal Cord ” which will be 
lefeired to frequently in this review 

The anatomy of the blood supply to the human biain is unlike that 
of any other organ The mam arterial supply, coming through the 
veitebial and the internal carotid arteiies enters the ciicle of Willis 
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and thus is distributed to all six ceiebial tiunks The shaip bend of 
the internal carotid arteiy about the body of the sphenoid bone selves 
to moderate slightly the inoie violent fluctuations of pressure, such as 
ma} occui in aortic disease with hypei tension The circle of Wilhs is a 
protective mechanism of gieat importance, insuring cerebial blood supply 
to both hemispheies even if one caiotid artery is occluded, moreovei 
there ai e anastomoses between the hi anches of the posterioi , middle and 
anterioi cerebral arteiies and even between the ceiebral blanches of the 
two hemispheres ^ There aie also anastomoses wuth the external carotid 
aiteiy, usually by w^ay of the ophthalmic arteiy 

Histologically, ceiebral vessels difltei from vessels elsewheie m the 
body mainly because then innei elastic membrane is thickei than that of 
the other arteries and as age advances it hyperti opines and divides into 
two or more laminas This strengthening of the iniiei la}ei of the 
arterial wall is probably important in the brain because of the w eakness 
of the outei layers The adventitia is meiely a loose netwoik filled with 
fluid, being limited outw^ardly by a la)'er of gha, thus the pernasculai 
space of Virchow and Robin is foimed Around small vessels it is not a 
clearly defined space, it is moie potential than actual, unless distended 
with fluid As the vessels become laigei and approach the meninges 
the space is moie distinct, at last becoming continuous wuth the aiachnoid 
space These peiivascular spaces aie analogous to the l}mphatic ducts 
of othei oigans 

The fiist quantitative studies of the ceiebral blood suppl} weie made 
by Craigie - and have been confiimed by recent w'^oikers White mattei 
has about 200 to 300 mm of capillary length per cubic centimeter of 
brain substance, while gray matter has from 600 to 1,000 mm The 
difference m blood supply is fuithei magnified by the fact that the cap- 
illaries aie of laigei caliber in the white mattei , so even less blood is 
exposed to the capillaiy wall — foi the smallei the capillary, the greatei 
the amount of blood that comes in contact with the w^all of the vessel and 
the greater the metabolic exchange between blood stieam and tissue 
Finley’s® excellent prepaiations show the relative difieience in the cap- 
illary supply of nuclei, cortex and w^hite matter so conspicuously that one 
does not need quantitative estimates to be convinced The most a asculai 
paits of the gray matter aie the paraventricular and supiaoptic nuclei, 
but even these have only about one-fifth as rich a capillai} bed as has 

1 Fay, T Cerebral Vasculature Preliminary Report of Stud\ bi Means 
of Roentgen Ray, J A M A 84 1727 (June 6) 1925 

2 Craigie, EH J Comp Neurol 31 429, 1920, A Research Neiw & Ment 
Dis , Proc 18 3, 1938 

3 Finley, K A Research Nerv & Ment Dis , Proc 18 94, 1938 
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skeletal muscle Wolft'^ has shown that capillai} density is con elated 
not merely with the number of nerve cells in a given region but with the 
suiface area of these nerve cells, nerve cells wuth few’- dendiites have 
less capillary network around them than nerve cells wuth many dendrites 
This anatomic observation coiroborates Geiard’s*^ general thesis that 
the number of capillaries in a given region is loughly piopoitional to 
the oxygen consumption 


CEREBRAL THROMBOSIS 

There have been much discussion and much misundei standing con- 
cerning the question of end arteries in the biam Cohnheim/ the orig- 
inator of the end artery theory, has been repeatedly quoted and often 
misundei stood Part of the confusion has aiisen from the fact that 
different laboratory animals have been used and comparisons have been 
made with man Wislocki ^ has shown that in the opossum there aie 
simple and complete end arteries, even down to the capillai y loops The 
vascular architecture in cats, rabbits and monkeys more closely approxi- 
mates that found m human brains Campbell ° gives the most accurate 
observations available at present He shows that m the cat, anastomoses 
do occur between larger arteries They are found most frequently near 
the periphery of the arterial trees, especially between branches in the pia 
Here the connecting arteries are fiom 70 to 90 microns in diameter 
These arteries are important since they aie the ones that diiectly supply 
the coitical giay matter Few of the penetrating arteries anastomose 
with each other until they reach precapillary size In the striatum 
and white matter, anastomosis between arteries is less common 

Cohnheim apparently knew that there are capillary anastomosis m 
the brain and some connection between the pial vessels, but he under- 
estimated the amount and stated that if such connections do occur they 
are of no functional importance Recent animal expeiiments show that 
anastomoses between arteiies are common and are of importance m 
saving the brain from small infarctions, even though the collateral blood 
supply IS not enough to obviate larger infarcts Putnam’s demonstra- 
tion of small areas of reaction or necrosis around minute thiombi m 
the brain emphasizes the importance of these connections betw’een arteries 

4 Cobb, S , and Talbott, J H Tr A Am Physicians 42 255, 1927 

5 Wolff, H G , and Dunning, H S J Comp Neurol 67 433, 1937 

6 Gerard, R W A Research Nerv & Ment Dis , Proc 18 316, 1938 

7 Cohnheim, J Untersuchungen uber die embolischen Processe, Berlin, A 

Hirschwald, 1872 

8 Wislocki, G , and Campbell, A C P Anat Rec 67 177, 1937 

9 Campbell, A C P A Research Nerv & Ment Dis , Proc 18 69, 1938 

10 Putnam, T J , and Alexander, L A Research Ner\ & Ment Dis , Proc 
18 544, 1938 
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and between veins Alexandei and Putnam point out that the vul- 
nei ability of the biain to lack of oxygen and its lack of ability to lepaii 
damage aie the impoitant things to consider The pecuhaiities of the 
blood supply must be taken into account, but aie impoitant only when 
1 elated to the special leactions of the cerebral tissues Thus focal anemia 
IS one of the important causes of cerebral lesions 

The mechanism of gross infarction is fairly well understood While 
the question of the effect of aiterial si^asm remains unsolved, the effects 
of small vascular obstiuctions aie definitely i ecognizable , such lesions 
piobably cause a number of “diseases,” many of them having heietofore 
been considered “idiopathic” or mysterious Hemoiihagic necrosis, 
encephalomalacia, some kinds of encephalopathy and some types of 
perivascular hemoirhage aie probably varying degrees of red and white 
infarction Evans thinks the varying degree and the varying sudden- 
ness of oxygen deprivation are more important A red mfaict is formed 
V hen the circulation is merely slowed , sudden complete occlusion leads 
to white neciosis and cyst formation All infarcts at fiist show some 
diapedesis of led blood cells and only later glow truly white 

APOPLEXY 

Numeious theories have been advanced to explain ceiebial hemoi- 
hage The simplest and oldest is that the vessel wall is weakened b}^ 
senile changes or disease and that the blood pressure inside the artery 
1 uptui es the pathologic wall Charcot believed that “miliai y aneurysms” 
are common and that their i uptui e causes many hemorrhages Bohne,’^^ 
Globus and others have suppoi ted the thesis that gross cerebral hemor- 
ihage takes place only fiom vessels that he m softened biain substance 
This theory seems to me not only unpioved but unreasonable If, 
as Globus described it, partial softening of brain substance does take 
place about aiteries, the fluid and soft substance would surround the 
vessel at a pressuie practically as great as that of the normal tissue, 
1 e , 150 mm of water, whereas the pressure within the arteiy would 
be about 1,500 mm of watei It is apparent that what keeps the blood 
fiom bursting out is not the support of the surioundmg brain tissue oi 
fluid but the elastic and muscular coats of the ai terial wall These coats, 
as has already been mentioned, have a somewhat different arrangement 
m cerebial arteries fiom that in arteries elsewhere in the body The 

11 Alexander, L, and Putnam, T J A Research Nerv & Ment Dis , Proc 
18 471, 1938 

12 Evans, J P , and McEachern, D A Research Nerv & Ment Dis , Proc. 
18 379, 1938 

13 Charcot, J M , and Bouchard, C Arch de physiol norm et path 1 
110, 643 and 725, 1868 

14 Bohne, C Beitr z path Anat u z allg Path 78 270, 1927 

15 Globus J H A Research Nerv & Ment Dis , Proc 18 438, 1938 



COBB— REVIEW OF NEUROPSYCHIATRY 


887 


stiength of the wall is paiticularly dependent on the innei elastic lamina, 
and as age advances this lamina hypertrophies and splits up Degen- 
erative processes often weaken this wall, and hemorihage is the simple 
lesult of bursting Of course an aneurysmal dilatation may form before 
the rupture, but I doubt if congenital aneurysm without degeneratne 
disease is a common cause of cerebral hemorihage 

Merritt and Aimg^’^ discuss the differential diagnosis of ceiebial 
hemorrhage and thrombosis They believe that it is of more than 
academic significance, because the immediate prognosis foi life and 
the ultimate prognosis for return of function are cliff eient in these 
cases Also the possibility of surgical mteivention and removal of 
the clot, which has been suggested by seveial neurosurgeons,^® enhances 
the significance of the diagnosis Factors which have significance in 
regard to the diffeiential diagnosis and which point to the diagnosis of 
ceiebral hemorihage are 

1 Onset with headache and vomiting 

2 Onset with convulsions — especially if syphilis can be excluded 

3 Stiffness of the neck and Kernig’s sign 

4 Dilatation of the pupil on the side opposite the lesion, oi bilateial 

absence of the light reflex 

5 Conjugate deviation of the head and eyes 

6 A bilateial Babinski reflex 

7 Progression of the focal symptoms o\ei a peiiod of twelve to 

fourteen hours 

8 Leukocytosis, with counts of over 12,000 pei cubic millimeter 

9 A cerebrospinal fluid pressuie greater than 350 oi 400 mm , 

regardless of whether the fluid is bloody oi not 

10 A bloody cerebrospinal fluid with a xanthochromic supernatant 

fluid 

11 A deal or slightly yellow cerebi ospinal fluid with pleocytosis 

(moie than 100 cells per cubic millimeter), when syphilis and 

septic embolus can be excluded 

A false statement often found m the hteiatuie and moie often quoted 
IS that the signs and symptoms of ceiebral thiombosis fiequently develop 
slowly The slow development of focal symptoms (hemiplegia, aphasia 

16 Hackel, W M Virchows Arch f path Anat 266 630, 1928 

17 Merritt, H H , and Aring, CD A Research Nerv & Ment Dis , Proc 
18 682, 1938 

18 Bagley, C, Jr Spontaneous Cerebral Hemorrhage Discussion of Four 
Types, with Surgical Considerations, Arch Neurol & Psychiat 27 1133 (Maj ) 
1932 Penfield, W Canad M A J 28 369, 1933 Craig, W M , and Adson, 
A W Spontaneous Intercerebral Hemorrhage Etiology and Surgical Treat- 
ment, with Report of Nine Cases, Arch Neurol & Ps}'^chiat 35 701 (April) 1936 
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and hemianopia) occuis so laiely, if at all, in cases of ceiebial vasculai 
lesions that such a diagnosis is exti emely hazardous This is especiall)^ 
tiue for patients with a normal blood piessure and normally functioning 
kidneys In such cases an examination of the cerebrospinal fluid is of 
gieat importance, since an expanding lesion may cause an increase in 
the cerebrospinal fluid piessure which can be detected befoie the develop- 
ment of choked disks 

Foi patients with cerebral vasculai accidents who die and aie studied 
post mortem the clinical diagnosis usually is “hemoirhage,” but at least 
half of them show "softening,” i e , thrombosis with infarction The 
clinical studies of Merritt and Aring show that probably only one fifth 
of the vasculai accidents in which death does not occui can be attributed 
to hemorrhage, the lemaimng 80 per cent being due to thiombosis and 
rarely embolus 

Experiments by Schmidt,-® Pool,®^ Thomas -- and othei s haA e shown 
that carbon dioxide, glyceryl trinitrate, acetylcholine, ethei and alcohol 
are the best cerebial A'asodilators It seems to me that they should be 
used theiapeutically earl}'’ in cases of cerebral thrombosis because 
restoration of ciiculation to an infarcted area within a few hours of 
the onset w'lll probably save a great deal of function that wall be 
permanently lost if the orthodox treatment of rest and morphine is 
followed In fact, I consider morphine as probably liarmful in such 
cases I w'ould rather have the patient kept aw'ake, w'lth his blood 
pressure up and his head moderately raised Caffeine in large doses 
may cause vasoconsti iction , so it should be used with caution if at all 

REGULATION OF THE CEREBRAL BLOOD SUPPLA 

In the vertebrate organism there aie tw'o mam integrating systems — 
the blood stream and the nerves These two reach eiery part of eAen 
Inang organ Between these two piincipal integiators theie is a recipiocal 
relation that is of great impoitance The brain, like eveiy other organ, 
IS dependent on its blood supply , but the blood supply is dependent on 
a normally functioning brain, for blood flow' to the vaiious organs, even 
to the brain itself, is largely regulated by the vasomotoi centers of the 
brain and spinal coid (see the accompanying diagiam) The central 
nervous system contains the head ganglions of the autonomic nervous 

19 Merritt, H H , in Bluiner, G The Practitioners Librarv of Medicine 
and Surger 3 ', New York, D Appleton-Century Compaii}', Inc, 1936, vol 9, 
chap 23 

20 Schmidt, C F , and Hendrix, J P A Research Ner\ & Ment Dis , Proc 
18 229, 1938 

21 Pool, J L , Nason, G I, and Forbes, H S Cerebral Circulation 
Effect of Nerve Stimulation and Various Drugs on the Vessels of the Dura 
Mater, Arch Neurol & Ps}'chiat 32 1202 (Dec ) 1934 

22 Thomas, C B Cerebral Circulation Effect of Alcohol on the Ceiebral 
Vessels, Arch Neurol & Psjchiat 38 321 (A.ug) 1937 
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Diagram of the phjsiologic mechanisms concerned in maintaining the blood 
flow to the brain 
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system, ^vhlch m turn contiol the vegetative nei-ies to the heait and 
vessels Thus a lesion in the heait and a lesion in the hindhrain aie 
equally lethal 

The extracerebial control of cerebial cii dilation has been woiked 
out carefully by Heymans and his co-workeis in a senes of classic 
experiments Weiss"'”' summarizes this work and desciibes his own 
contiibutions to the subject He sa)'s that the cii dilation of the brain 
acts like that of an oigan with continuous maximal activity, it must be 
served, even at the expense of other organs To maintain this all- 
important blood suppl}'^ at a lelatively constant late there are se\eial 
physiologic mechanisms These aie indicated in the accompan}ing 
diagram 

The principal regulatoi of the amount of blood that flows to the hi am 
IS the blood piessure m the caiotid and vertebral arteries In man the 
veitebral arteries are lelatively small, and the carotid aiteiies contiol 
most of the circulation to the cerebrum , so the cai otid sinus mechanism 
IS most important In the wall of this sinus at the bifui cation of the 
external and internal carotid arteries lies a stiucture vith sinusoidal 
apertures that are bathed in the blood that enters the sinus Nene 
endings in this structure (CH in the figure) are sensitne to changes m 
carbon dioxide tension If the content is high, impulses from this 
chemical end organ pass along the carotid sinus nerve to the hypoglossal 
loot (IX 111 the figure) m the medulla oblongata, and theie reflexh 
increase the blood pressure via the vasomotor centei and the pathwajs 
to the spinal cord Small tactile (Tac ) organs that he in the nail of 
the caiotid sinus respond to sti etching oi contraction of the wall 
If the wall IS stretched, impulses go to one of the medullaiy centei s of 
the vagus nerve (X) and thence leflexly lowei the blood pressuie via 
both the vagus nerve and the vasodilator mechanism of the spinal coid 
Conti action of the wall of the sinus has the opposite effect Similai 
oigans that legister stretch are found m other vessels, foi example 
the aoita Impulses from this source travel along the aoitic depiessoi 
nerve (DEP ) and reflexly lowei the blood piessuie The vagus neive 
itself contains both afferent and efferent fibers of the heart and othei 
viscera, so vagovagal reflexes can also control the blood piessuie Such 
briefly, is the extraceiebial control of the blood siipph’’ to the biam 

Within the skull there is an intiinsic oi cerebial contiol Penfield 
and Forbes hai^e shown that the cerebral vessels have both a vaso- 

23 Heymans C Bruxelles-med 16 1411, 1936 

24 Bouchaert, J J , and Jordan, F Rev beige sc med 9 12, 1937 

25 Weiss, S A Research Nerv & Ment Dis , Proc 18 571, 1938 

26 Chorobski, J, and Penfield, W Cerebral Vasodilator Nerves and Their 
Pathway from the Medulla Oblongata, with Observations on the Pial and the 
Intracerebral Plexus, Arch Neurol & Psychiat 28 1257 (Dec ) 1932 

27 Forbes, H S , and Cobb, S A Research Nerv & Ment Dis Proc 18 
201, 1938 
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constnctoi and a vasodilatoi mneivation The fine fibeis (F ) that 
follow the sniallei vessels seem to have a vasomotoi function By 
physiologic expel iments on cats, labbits and inonke 3 ’^s, A^asocoiisti ictoi 
nerves have been proved to be present on vessels of the paiietal coitex 
and basal ganglions The constiiction of aiteiies which follows stimu- 
lation of these neives is only about one-tenth as gieat as the constiic- 
tion of arteries of a siinilai size in the skin and othei extiacianial 
organs The vasoconstnctoi mneivation reaches the biam by w’^ay of 
the cervical sympathetic neives and the supeiior ceivical ganglion (SC) 

I do not believe wnth Rickei that the nervous control of the vessels 
plays much of a lole in the causation of ceiebial lesions Theie is faiily 
good clinical evidence that ceiebial vessels may contiact in a spasmodic 
way and cause temporal y symptoms, but Forbes*" has shown that the 
contiol IS slight under normal conditions In scais and scleiotic areas 
the vasomotoi neives ma)'’ have a lowered threshold which predisposes 
the vessels to spasmodic constriction and anoxia of the tissue 

Vasodilatoi neives have also been found on ceiebial vessels of the 
pai letal coi tex Stimulation expei iments have shown that these fibers 
leave the hindbiain with the facial neive and pass to the geniculate 
ganglion (G G ) along the gieat supeificial petrosal neive and thence 
to the caiotid aiter}^ and its branches 

Fog^° and Forbes independently demonstrated that if the systemic 
blood pressuie of an animal is made to fall, fiom whatevei cause, to a 
low level, the arteries of the pia will dilate rapidly and wudely In the 
cat the critical level of systolic blood pressuie at which this usually 
occuis IS about 60 mm of mercury The immediate cause of aiteiial 
dilatation seems to be the sudden slowing of the blood flow’ w^hich obvi- 
ously follows the drop m pressuie and can be seen m the In mg vessels 
undei the microscope The importance of this phenomenon cannot yet 
be estimated, but it must partly compensate for the decreased ceiebial 
blood flow of a failing ciiculation Moreovei, it may occui in othei 
organs, although it has been observed only m the biain 

With so many regulatory mechanisms one might expect fiequent 
changes m the cahbei of the vessels and in the blood flow, but the 
flow IS lemarkable for its steadiness The constant tempeiature of the 

. 28 Schmidt, C F Am J Physiol 110 137, 1934 

29 Ricker, G Sklerose und Hypertonic der mnervierten Artenen, Berlin 
Julius Springer, 1927, p 193 

30 Fog, M Cerebral Circulation Reaction of the Pial Arteries to a Fall 
m Blood Pressure, Arch Neurol & Psychiat 37 351 (Feb ) 1937 

31 Forbes, H S , Nason, G I , and Wortman, R C Cerebral Circulation 
Vasodilation in the Pia Following Stimulation of the Vagus, Aortic and Carotid 
Sinus Nerves, Arch Neurol & Psychiat 37 334 (Feb ) 1937 

32 Lennox, W G Constancy of the Cerebral Blood Flow Arch Neurol 

Ps-schiat 36 375 (Aug) 1936 
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biain, the “closed box” aiiangemeiit, the mixtuie of blood b} anasto- 
mosis, the governing action of caibon dioxide, the model ating leflexes 
from A'agodepressor nerves and the caiotid sinus, and the pancit}^ of 
direct vasomotor control, all tend to make the cerebral blood floAv con- 
stant The fact that it does not fluctuate much undei physiologic condi- 
tions may be explained teleologically b}’^ assuming that delicate neive 
tissue requires a steady supply of oxAgen lather than a rich one This 
supposition is reasonable because there is eAudence that a lapid change 
in the enAuronment of neiA^e cells is moie haimful than a sIoav but moie 
extensive change Piobably a constant suppl}'^ of oxygen to the biain is 
more impoi tant than an exceptionall}'^ i ich one , so the brain as a AAdiole 
has a steady blood flow The Ioaaci centeis m the biam stem, being 
actiA^e throughout life at all times, need an eA^en, continuous floAv, foi 
on them vital functions depend The ceiebial hemispheres, hoAA^eAei, 
being more specialized and less continuously active, have a less stead} 
blood floAA, and those paits of the cerebial coitex most actiA’^ely function- 
ing at an} given time have tempoiary and local changes in blood Aoav 

Lennox, Gibbs and Gibbs succinctl} state the impoitant point about 
the legulation of ciiculation in the brain A\hen they say that gross 
changes in total cerebral floAv probabl} aie not adjustments to nutiitional 
lequirements of the brain cells but aie dnected toAvaid the maintenance 
of a constant tension of carbon dioxide and a constant h}drogen ion 
concentration in the nerve cells Changes m blood floAv as a lesult of 
alterations in metabolic actnut} aie piobabh local Accoiding to these 
authors, the unique chaiactenstic of the cerebial blood floAV as compaied 
to the blood Aoav in othei oigans is that it is steady, shoAvmg little 
A^aiiation 

SYNCOPE, CONA^ULSIONS AND MIGRAINE 

Syncope fiom A'^arious causes is discussed by Lennox, Gibbs and 
Gibbs as well as by Weiss In most cases it is due to some funda- 
mental circulatory change — caidiac inhibition, failuie of the heart oi 
A asodilatation , each may cause ischemia of the brain and fainting The 
group of cases in AAdiich no failuie of ciiculation is obsei Arable might be 
explained by A^asoconstiiction m the biain, but the evidence is against 
this explanation In the first place, the loss of consciousness comes on 
too suddenly to be leadily explained by such a mechanism, and, secondly 
no change in total cerebral blood Aoav is obsei Arable Since I do not believe 
that consciousness is controlled by centeis AAdnch can be SAvitched on 
and off b} reflex neuial dischaiges, the lemammg possibility seems to be 
that stimuli from local areas of ischemia from stimulation of end 
organs in the carotid sinus, heait and gieat A^essels may induce dischaiges 
of neurons m the ceiebial coitex aaIucIi spiead like the epileptic dis- 

33 Lennox, W G , Gibbs, F A , and Gibbs, EL A Research Nerv Ment 
Dis, Proc 18 277, 1938 
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diaige and blot out consciousness in a few seconds The similarity of 
this syndrome, as described Ity Weiss, to an epileptic fit may be striking 

Anothei set of causes of unconsciousness is discussed b}- Lennox, 
Gibbs and Gibbs, who wisely avoid definition of the teim and speak 
generalh of ‘cerebral actnity” and its cessation They point out that 
the patient ceases to respond to stimuli when the oxygen content of the 
blood falls to a point betn een 30 and 24 per cent of saturation Sugar is 
the other constituent of the blood about which data are available When 
theie IS less than 30 mg of sugai per hundred cubic centimeters of 
blood, coma and comulsions may supervene 

Maity convulsions aie caused b}'^ asph}xia and vasculai disordeis, but 
lecent work shons that epileptic seizures aie not often caused by wide- 
spread vascular changes withm the brain There are many clinical 
obser\ations that show that ischemia causes dischaige in the central 
nervous S3Stem (fits) Seizures due to heait block, cerebral infarct, 
strangulation, cyanide, metrazol and insulin poisoning and certain other 
factors closely lesemble the fits that aie ascribed to “ceiebral vasculai 
spasm ’ Oxygen deficiency in the cells of the biain is doubtless one of 
the commonest causes of comulsions But that does not mean that 
widespread spasm of the arteries is present On the othei hand, local 
\asospasm cannot now be disregarded as one cause of epileptiform 
seizures, and the pi oof that there is vasomotor innervation of the cerebial 
vessels makes such a mechanism one of the probable causes of ceitam 
types of seizuies 

Penfield finds at operation many abnoimalities of the ceiebral 
circulation, but none that appears to be causative of the seizures The 
fit seems to leave behind it a more or less local area of o\ erstimulated 
brain -which, because of its overactivity, shows local dilatation of vessels 
and a rapid blood flow^ The commonest phenomenon observed is the 
cessation of Msible pulsation m the cerebial aiteries during a seizure 

The headaches supposed to be due to vascular disturbances m the 
brain, both typically migrainous and miscellaneous, are explained by 
Wolfi; and Graham on the basis of changes in pulse pressuie in the 
extracerebral vessels Experiments on patients with ergotamine tartrate 
and histamine have led to a great advance m the treatment of migraine, a 
common and incapacitating disease The report by Graham and Wolff 
on then investigations and on the work of others is one of the most 
encouraging conti ibutions to the symposium An accuiate knowledge of 
the action of ergotamine is of piime importance to the stud\f of migraine, 
and the difference in plusiologic effect reported by the different expeii- 

34 Penfield, W A Reseaich Nen & Merit Dis, Pioc 18 60S, 1938 

35 Graham, J , and Wolft, H G A Research Ner\ & Ment Dis Proc 
18 638, 1938 



894 


ARCHIVES OF INTERNAL MEDICINE 


menters should be the subject of furthei study The cause of head- 
ache, however, is fai from settled Penfield and McNaughton 
describe sensory fibeis fiom the trigeminal nerve to the dural sinuses 
they have observed pain similar to migraine caused by traction on the 
Aeins that entei the sinuses 

ALCOHOLISM 

Five yeais ago it was almost univeisallj believed that the lesions 
and symptoms caused by chronic alcoholism were due to the toxic eftect 
of alcohol itself The pioneer papers of Shattuck and Meyer weie 
scaicely known Now there is excellent proof that “alcoholic neu- 
ritis” IS caused by lack of wtamin B^, and theie is good eiidence that 
“Korsakoff’s psychosis” and “alcoholic hallucinosis” aie meiel)'- clinical 
variants of pellagia^- Thus the treatment of these syndromes has 
changed from a vague “supportive” regimen to specific therapy with 
large amounts of vitamin 20 to 40 mg of crystalline vitamin (oi 
its equivalent) for alcoholic neuiitis and foi hallucinosis, memor}'^ defect, 
glossitis and erythema Recently vitamin C has also been found to be 
deficient in patients with chronic alcoholism Plant reported a Ion 
content in the blood and spinal fluid of a few patients, and Alexandei 
and his associates have studied 106 alcoholic addicts The evidence is 
definite that vitamin C is at an abnormally low level (averaging about 
half the normal value) , but whether oi not this deficiency is important 
01 incidental is not yet known, although scuivy is not uncommon in 
alcoholic addicts The propensity of these peisons to haie subdural 
hematomas may be due to the scorbutic f nabilit}- of the blood a essels 
It has been suggested that the hemorrhagic lesions of the midbiam 
m cases of Wernicke’s “polioencephalitis” might be due to scuri)*, but 

36 Pool, L J , and Nason, G I Cerebral Circulation Comparative Effect 
of Ergotamine Tartrate on the Arteries m the Pia, Dura and Skin of Cats 
Arch Neurol & Psychiat 33 276 (Feb) 1935 Schmidt and Hendrix 20 

37 Penfield, W Proc Am Neurol A , 1938, to be published 

38 McNaughton, F L A Research Nerv & Ment Dis , Proc 18 178, 1938 

39 Shattuck, G C Am J Trop Med 8 539, 1928 

40 Meyer, A Schweiz med Wchnschr 2 1243, 1932 

41 Romano, J Am J M Sc 194 45, 1937 Goodhart, R , and Jolhfte, N 
Effects of Vitamin B (Bi) Therapy on the Polyneuritis of Alcohol Addicts, 
J A M A 110 414 (Eeb 5) 1938 

42 Spies, T D , and Cooper, C Internat Clin 4 1, 1937 

43 Plant, F, and Bulow, M Ztschr f d ges Neurol u Psvchiat 152 
84, 1935 

44 Alexander, L , Pijoan, M , Schube, P G, and Moore, M Cevitamic Acid 
Content of Blood Plasma in Alcoholic Psychoses, Arch Neurol & Psychiat 40 58 
(July) 1938 

45 Ingalls, T H New England J Med 215 1279, 1936 
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lecent experiments of Alexander, Pijoan and M\erson-‘*’ have shown 
that these lesions aie due to lack of vitamin 

The treatment of delirium tiemens also has been impioved greatly 
In the past it has often been stated that the use of alcohol should be 
continued, for the delnium is due to the sudden cessation of drinking 
These beliefs, which neiei had a sound clinical basis, have now been 
thoioughly conti over ted by Pikei,*^ who found that in 205 of 275 
patients uith delirium tiemens, delirium developed while they were still 
drinking The theoiy that the patient should be dehydiated because he 
may have cerebial edema (“a wet brain”) has also been satisfactorily 
till on n into the discaid Nicholson and Taylor have shown that 
alcohol causes diuiesis uith retention of potassium which lapidly deh}'- 
diates the body and ma} cause most of the symptoms of the alcoholic 
hangover” It is well known that water is gieatly craved some hours 
after a debauch It has also been demonstrated by Thomas, Semrad and 
Schwab that the amount of total protein in the serum is greatly reduced 
111 patients with delirium tiemens These authors have demonstrated the 
fact that patients with delirium tremens improve more rapidly if the 
intake of fluid is drastically increased A liter of physiologic solution 
of sodium chloride should be given paienterally as soon as possible, and 
saline solution and other fluids should be given by mouth until at least 
3,000 cc IS ingested pei day All vitamins should be given in large 
amounts, especially Bj Paraldehyde is the best sedative ^^hth such a 
legimen the delirium can be shortened and lives can be saved Lumbar 
puncture is useful in respect to the diagnosis, to indicate whether or not 
there is evidence of injuiy to the brain, but it is not important thera- 
peutically 

SCHIZOPHRENIA 

In the ie\iew of neuropsychiatry for 1937 I discussed at length 
the status of the insulin treatment of schizophrenia Since then the 
tieatment has been applied to hundreds of patients in various state and 
private hospitals The initial enthusiasm is beginning to wane Critical 
judgment of the lesults indicate that tieatment with insulin and with 
metrazol ceitamly has value and often brings about a remarkable remis- 

46 Alexander, L , Pijoan, M , and Myerson, A Tr Am Neurol A , 1938, 
to be published 

47 Piker, D Am J Psjchiat 93 1387, 1937 

48 Nicholson, W M, and Taylor, H M J Chn Investigation 17 279 
1938 

49 Thomas, J , Semrad, E V , and Schwab, S M Am T M Sc 195 
820, 1938 

50 Footnote deleted by the authoi 

51 Cobb, S Review of Neuropsychiatry for 1937, Arch Int Med 60 
1098 (Dec) 1937 
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Sion of symptoms, ncA^ei theless many patients have a i elapse, and 
many would have had i emissions anyway The data aie veil summai- 
ized by Paskind,''- Malzbeig°® and Ross The geneial consensus 
appears to be that both procedures constitute a distinct contribution to 
the treatment of schizophi enia, though few woikeis nov lepoit the 
astonishingly high rates of remission which were claimed in some of the 
earlier papers Reports are also appealing which suggest that metiazol 
may be of value foi patients with depiessive reactions The Aalue of 
the proper psychotherapeutic management of the patient, particulail} 
during treatment with insulin, is still stressed An inteiesting technical 
development consists of the lecognition of the theiapeutic value of pio- 
longed coma, i e, reactions vaiying between coma and tvihght states 
and lasting ovei several da3's 

The death rate associated with both foims of theiapj leinams lov, 
the most pievalent causes associated with insulin therapy being caidiac 
collapse and pulmonai}' edema With metiazol theiap)’-, pulmonaiy com- 
plications, particular^ aspiration pneumonia, aie the most trequent 
causes of death A great deal of investigative woik has been lepoited 
From a numbei of sources it appeals that the majoi effects of both 
types of therapy are on the oxygen consumption of the central neivous 
system and on the autonomic nervous system Attempts to duplicate the 
therapeutic lesults by exposure to low oxjfgen tensions ha^e been unsuc- 
cessful, and attention at present is turned to the autonomic neivous 
system as the key to the therapeutic mechanisms 

A tiend m this treatment that gives pause to the caieful phjsician is 
the use of othei convulsant diugs, either alone oi combined with 
insulin, when insulin alone does not woik As I mentioned last yeai 
camphoi and metiazol have been used in this vay These mixtuies 
of drugs makes one lose hope that any specific treatment foi schizo- 
phrenia has been found Probably some seveie general leaction in the 
biain, like anoxia, is the theiapeutic agent 

The question of whether permanent damage to the biain lesults fiom 
the use of either insulin oi metiazol has been actively debated during the 
last year Man)’’, although not all, animal expei iments hai e shov n that 
extensive damage, usually accompanied by multiple aieas of hemoiihage 

52 Paskmd, H A , in Reese, H H , Paskind, H A, and Seiringhaus, E L 
Yearbook of Neurology, Psychiatry and Endocrinology for 1937, Chicago, The 
Year Book Publishers, Inc, 1938 

53 Malzberg, B Psychiatric Quart 12 528, 1938 

54 Ross, JR A Statistical Study of Results in the New York State Hos- 
pitals, read before the American Psychiatric Association, San Francisco, June 9, 
1938 

55 Low, A A , Sonenthal, I R , Blaurock, M D , Kaplan, , and Sher- 
man, I Metrazol Shock Treatment of “Functional” Ps 3 choses, Arch Neurol 
& Psychiat 39 717 (April) 1938 

56 von Meduna, L Ztschr f d ges Neurol u Psjchiat 152 235, 1935 
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may occui aftei botli t\pes of tl'ieiap3’’, and in a certain iiunibei of 
patients d>ing from the treatments, comparable lesions have been 
obsen ed There is some clinical evidence which suggests that damage of 
an irreveisible nature occurs in the brain, but the fine changes in highei 
functions seen after damage to the frontal lobe have not yet been 
found in patients treated with either insulin or metrazol Neieitheless, 
it IS notoriously difficult to make an estimate of these finei mental 
functions, especially when the patient was not examined befoie his illness 
It IS particulaily alarming to leain, on the good authont}’’ of Weil’s 
experiments, that insulin given to animals, in doses comparable to those 
used for human beings, causes widespread degeneration and neciosis of 
the ganglion cells of the brain These well controlled experiments indi- 
cate that the damage is caused by the cumulative effect of lepeated large 
doses of insulin 

Othei convulsants, such as thujone and camphor, have been shown 
to cause lesions in the cerebral cortex, consisting of chromatolysis oi 
even necrobiosis of the ganglion cells and petechial hemorrhages Little 
woik has been done on the effects of metrazol on cerebral ganglion cells, 
but at the last meeting of the American Neurological Association, 
Alpers pi eseiited data on 7 monkeys which had been given convulsive 
doses of metrazol Three brains were normal, and 4 showed cell changes, 
3 of these having subarachnoid hemorrhages 

Such evidence makes me believe that the theiapeutic effect of insulin 
and metiazol may be due to the destruction of great numbers of nerve 
cells in the cerebial cortex This destruction is irreparable The therapy 
may be justifiable m cases of schizophrenia if experience pioves that 
treatment results in permanent improvement, but the physician recom- 
mending these radical measures should do so with his eyes open to the 
fact that he may be removing S 3 TOptoms by practically destioying the 
most highly organized part of the biam The use of these measuies in 
the tieatment of psychoses and neuroses from which recover 3 ’’ may 
occur seems to me entirely unjustifiable 

New light has been throw n on the etiology of psychoses by Elvidge,'’^ 
of the Montreal Neurological Institute For several years he has been 

57 Weil, A , Liebert, E , and Heilbrunn, G Histopathologic Changes in 
the Brain in Experimental Hj permsulinism, Arch Neurol & Psychiat 39 467 
(March) 1938 

58 Opper, L The Pathology of Thujone and Alonobromated Camphor Con- 
vulsions Compared with the Pathology of Human Epilepsy, Arch Neurol & Psy- 
chiat , to be published 

59 Strecker, E A , Alpers, B J , Flaherty, J A , and Hughes, J Tr Am 
Neurol A , 1938, to be published 

60 Elvidge, A R , and Reed, G E Biopsy Studies of Cerebral Pathologic 
Changes m Schizophrenia and Manic-Depressive Psjchosis, Arch Neurol & 
Psjchiat 40 227 (Aug) 1938 
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carefully studying biops}'- specimens fiom the brains of patients with 
schizophi enia and inanic-depiessive psychosis For years pathologists 
have searched in vain foi significant changes in the brains of patients 
who die vhile sufteiing fiom these diseases Now Elvidge and his col- 
leagues ha^e shown that changes do occur in the ohgodendrogha and 
that these can be demonstiated in specimens taken dining life and fixed 
immediately for staining b}'’ the Hoitega method The ohgodendi ogha 
cells were found to be svollen, with shoitened piocesses, and the nuclei 
Mere eithei noimal or pyknotic All but 1 of 13 patients with typical 
schizophi enic S 3 '-ndi omes showed definite sivellmg of the ohgodendrogha , 
another showed it on one occasion but not on i eexamination a yeai latei 
Specimens fiom the biams of 5 patients vith manic-depressive psy- 
choses all shoived snelling, although in 1 patient it was slight The 
control material used was large, because Elvidge had access to specimens 
taken at many opeiations It is significant that in this material sivollen 
ohgodendrogha cells ivere observed in seieial specimens fiom patients 
opeiated on foi convulsions, and these appeared to be the patients vho 
had stupoi 01 othei mental symptoms at the time of opeiation This sug- 
gests that the histologic changes obseived may not be specifically related 
to schizophrenia or manic-depressive psychosis but to the piesence of 
an}’’ abnoimal mental state The observations aie important and should 
be earned out extensively and ivith many controls When skilfully 
pel formed, theie is no leason to suppose that lemoval of biopsy speci- 
mens from the coitex does harm to ceiebial function In fact, I think 
It a less hai infill piocedure than the pioduction of one theiapeutic 
convulsion 

SCIATICA 

It has long been suspected by clinicians that pain m the sciatic nen e 
IS usually due to mechanical difficulties m the sacrum and loivei poition 
of the spine and that it had little to do ivith “neuritis ” The work of 
orthopedic surgeons along conseivative lines has helped many patients 
Then more radical procedures, such as arthiodesis,®^ were tried, and 
they pioved their ivoith by the cure of many patients with stubborn 
sciatica Noiv neurosuigical piocedures are taking then place in the 
tieatment of this common and incapacitating disordei As early as 1911 
Middleton and Teacher described pressure on the spinal coid by pro- 
trusion of the Intel vertebral disk, but it ivas considered a raie condi- 
tion Not until 1937 was it clearly demonstiated, by Bair and Mixter,®“ 

61 Smith-Petersen, M N , and Rogers, W A Arthrodesis for Tuberculosis 
of the Sacro-Ihac Joint Study of End-Results, J A M A 86 26 (Jan 2) 1926 

62 Middleton, G S , and Teacher, J H Glasgow M J 76 1, 1911 

63 (a) Barr, J S J Bone & Joint Surg 19 323, 1937 (b) Mixter, 
W J Ann Surg 106 777, 1937 (c) Barr, J S , Hampton, A O , and Mixter, 
W J Pam Low in the Back and “Sciatica” Due to Lesions of the Intervertebral 
Disks, J A M A 109 1265 (Oct 16) 1937 
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that a certain numbei of cases of “sciatica” are caused b} this lesion in 
the lumbar portion of the spine Pain, starting in the back and spi end- 
ing clown the thigh and outer side of the leg, even in the ankle, is the 
presenting symptom The pain is severe and lancinating and is brought 
on by bending and lifting There is limitation of motion of the lowei 
part of the back and in extension of the affected leg The ankle jerk 
on this side may be diminished oi absent Sometimes roentgenograms 
show nai rowing of the mten ertebral disk, and thiee fourths of the 
patients have a slightly increased piotein content of the spinal fluid 
Diagnosis, howe^er, is not certain until iodized poppyseed oil has been 
injected into the lumbar sac of the spinal canal and roentgenogi ams 
have finally demonstrated the lesion If the diagnosis seems ceitain, 
laminectomy is perfoimed, and usuall)? a mass is found piotrudmg into 
the sjnnal canal between the fourth and the fifth lumbai vertebia The 
annulus of the disk has ruptuied and made a tunioi which presses on 
some of the loots of the sciatic nerve In some cases the nucleus pul- 
posus of the disk jnotrudes thiough the ruptured annulus making a 
chalky, fibious mass Removal is not difficult if propei exposure can 
be obtained without tiauma to the nerve structures Mixtei reports 
58 cases of intractable pain in the back, in none of these cases had 
conservative orthopedic treatment given relief Diagnosis of rupture of 
the intervertebral disk was made, and all the patients weie subjected to 
operation In 32 cases the symptoms were relieved, often immediately , 
in 14 other cases there was marked improvement Thus it seems that 
anothei vague neurologic entity, “sciatica,” is being split up into its ele- 
ments by careful research, and on the basis of knowledge concerning 
Its causation lational therapj is being administered 

64 Hampton, A O , and Robinson, J M Am J Roentgenol 36 782, 1936 
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Clinical and Experimental Investigations in Agranulocytosis By Pieben 
Plum, MD Pp 410, with 125 illustiations and 42 tables Copenhagen Nyt 
Nordisk Forlag, 1937 

This IS an excellent piece of work, which was earned on w'hile the authoi 
w'as working as a research fellow under Prof Valdemar Bie at the Blegdam 
Hospital in Denmark It represents an unusually comprehensive study of agra- 
nulocytosis based on a careful review' of the literature and on 88 cases, all but 
1 of the patients coming under the author’s observation 

The monograph is a scholarly production Every detail has been well worked 
out The history of agranulocytosis is interestingly gathered together The 
clinical description of the disease and its differential diagnosis aie clear, logical 
and concise The discussion of the possible etiologj' of the condition is especially 
interesting The author argues a strong case against aminopyrine and presents 
striking figures to show the close parallelism in Denmark from 1926 to 1936 
between the sale of aminopyrine, on the one hand, and the number of known 
cases of agranulocytosis, on the other He thinks, in the light of present knowl- 
edge, that the best form of treatment available is that of prevention, the best 
prophylaxis is reduction of the use of drugs w'hich appear to injure the forma- 
tion of leukocytes 

Students of hematdlogy will appreciate the colored and uncolored photographs 
of marrow and blood films which have been reproduced They illustrate the 
author’s conception of the type of cell encountered m studies of the bone marrow 
and demonstrate the practical value of this particular diagnostic method 

The translation of this book into English was done by Dr Hans Andersen 
He deserves a compliment for the felicitous manner in which he has presented 
Danish points of view and concepts to English readers 

Last, but not least, the author appears to be a level-headed investigatoi 
with a knack at digesting and evaluating the work of others His bibliography 
of 422 recent references to the subject bears witness to his thoroughness On 
the whole the volume can be highly recommended to any reader at all interested 
in diseases of the blood 

Fever Therapy Edited by the Members of the American Committee Pp 486 
New York Paul B Hoeber, Inc, 1937 

As long ago as 1931 an American conference on fever therapy W'as held in 
Rochester, N Y Other conferences were held each year thereafter and pro^ed 
interesting Finally it was decided to hold an international conference on the 
subject This took place in New York on three days in March 1937 Physi- 
cians from sixteen countries were in attendance The present volume records 
abstracts and discussions of the papers presented at that meeting 

The book is not as large as it appears as it is really only 184 pages long 
Each abstract, however, is reprinted in English, French and German The 
abstracts of the various papers reported are by necessity short, but from them 
and the ensuing discussion one can obtain at a glance a good deal of information 
concerning the present international status of fever therapy 

Fever therapy is being employed in a number of diseases, beneficially in some 
and without obvious benefit in others Syphilis and gonorrhea, for example, 
appear often to be benefited by heat, whereas multiple sclerosis does not The 
discussions of the various papers are interesting for they show where doubt 
exists, and one gathers that overenthusiasm is being curbed On the whole this 
IS an interesting volume worth having in any medical library It makes a useful 
handbook for reference 
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Approved Laboratory Technic Clinical, Pathological, Bacterioli^ical, 
Mycological, Parasitological, Serological, Biochemical and Histo- 
logical John A Kolmer, MD, and Fred Boerner, VllID Second 

edition Price, $8 Pp 893, with 392 illustrations New Yoi k D Appleton- 
Centurj Compam, Inc, 1938 

The text constitutes an encyclopedia of laboratoiy piocedures and has an 
enormous scope Besides covering all clinical laboratory procedures, it discusses 
the housing, feeding, inoculating, bleeding and autopsy study of animals and the 
prevention and the emergency treatment of laboratory accidents The second 
edition has been thoroughly revised and brought up to date Five new chapters 
have been added on methods for the hormonal diagnosis of early pregnancy, 
hydatidiform mole, chononepithelioma and teratoma of the testes, on diagnostic 
mycologic methods, on methods of examination of the skin and mucous mem- 
branes for animal parasites, on methods for conducting tests for allergy, and on 
histologic methods and the preparation of specimens for museums The new 
chapter on mycology and the increased amount of material devoted to parasitology 
are to be welcomed The chapters devoted to bactenologic and serologic pio- 
cedures are especially fine The illustrations are plentiful and well chosen In 
this edition the new colored plates on normal and abnormal blood cells are a 
definite improvement The reviewer deplores the almost complete lack of a 
bibliography in a text of this type, which is, in leality, a compilation of labora- 
torj procedures An “approved” list of additional references at the close of each 
chapter, such as that given by Konzelmann after the chapter entitled “Histo- 
logical Methods and the Pieparation of Museum Specimens,” would add even 
greater value to the book 

The book should be invaluable to clinical pathologists, to laboiatory techni- 
cians and to the practicing physician who must do or supervise his own labora- 
tory work The absence of discussion of the clinical significance and diagnostic 
\alue of the laboiatoiy tests described limits greatly its value as a text foi 
medical students 

Le traitement radiologique de Tactinomycose By Axel Renandei Price, 
8 kroner Pp 75 Stockholm P A Norstedt & Soner, 1937 

This excellent summary of the radiologic management of actinomycosis 
describes the lesults of treatment of 52 patients observed since 1915 in Radium- 
hemmet, in the Roentgen Institute of tlie Serafimer Hospital and m the private 
practice of Dr G Forssell The following lesions were encountered those of the 
face and neck in 31 patients, of the abdomen in 13, of the thorax in 3, of the skin 
in 2, of the genital region in 1 and of undetermined origin in 2 The form of treat- 
ment has varied, but currently it consists of roentgen therapy, the application of 
molded plaques containing radium needles or exposure to a radium bomb, or tele- 
ladmm In this series of cases these various technics were employed singly or in 
diverse combinations Roentgen therapy was effected by repeated exposures, total- 
ing one skin eiythema dose, daily or on alternate days over a period of from three 
to twelve dajs The intervals between such series was six to eight weeks, and 
as man} courses as necessar}’’ were gwen The tube, which was operated at 160 to 
170 kilovolts, and filters of various sorts were used The amount of radium 
applied in the plaque varied from 200 to 1,600 milligram hours but was usually 
enough to cause a light erythema with some desquamation The maximum 
amount of radiation applied by means of the bomb was 56 22 gram hours, 
although most patients received much less 

The following results were obtained with this treatment Twenty-one of the 
patients with actinomj cosis of the face and neck were cured, 5 of those with 
abdominal invohement and both patients with cutaneous lesions reco\ered The 
author demonstrates adequately the value of Mgorous roentgen and radium therapy 
but was unable to state which technic was the more efficacious It appeared that 
the traditionally used potassium iodide did not alter appreciably the radiologic 
1 esults 
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The Diary of a Surgeon in the Year 1751-1752 By Xohn Knyveton, Licen- 
tiate of the Society of Apothecaries, Doctor of Medicine of the UnlversIt^ 
of Aberdeen, Teacher of Midwifery to Man and Mid-Wife in Infirman 
Hall , Surgeons’ Mate, H M S Lancastei Edited and transcribed b\ 
Ernest Gray Cloth Price, $2 50 Pp 322, with 9 illustrations from con- 
temporary souices New York D Appleton-Century Company, 1937 

This IS a delightful book and may be read with a gieat deal of pleasure not 
only bj'- the doctor but by any one who cares tor earlj works The eas^ 
flowing Style, the miniature word paintings and what the publisher calls a 
Pepysian flavor add to the charm One might suspect a familiarity with Pepjs 
were it not for the fact that John Kn 3 'veton died uhile Pep 3 ’^s’ journal was still 
lying about undeciphered 

Nothing much is added to the knowdedge of medical histor 3 , for physicians 
aie already familiar with the history of the period, but the breez 3 ' st 3 de and the 
youthful optimism of the presentation suppb’’ a novel vantage point from w'hich 
to 3uew the period One of the bright spots of the book is w'here William 
Hunter is described as “having a damnable wa 3 ’’ of never Offering a Suggestion 
on matters Medico-Ph 3 'sical until he has pioved it privately b 3 " Experiment 
beforehand, the which is Highl 3 ’^ Exasperating to those that prefer to brow^se on 
the Windy Heights of Pure Discourse ” 

The author recounts his student” days, w'lth comments on the activities* of the 
1 esurrectionists, the bleedings, the casters, the “laudable pus,” the puerperal sepsis 
and all the things that blessed and cursed this period of medical practice He 
dw'ells a bit on the nonmedical diversions of the medical students of the time 

In connection wuth his experience as surgeon’s mate in the British naiy, he 
discusses scurvy, the treatment of gunshot wounds and injuries aboard ship He 
took part m an attack on a pirate ship Later he was placed in medical chaige 
of an island overrun w'lth yellow' fever and became a iictim of the disease, but 
survived 

There w'as nevei a dull moment in his life, and the book wull entertain all 
the members of the reader’s familj' and wull peihaps nnldlj' shock some of them 

Uric Acid in Blood and Urine By Knud Brdchner-AIortensen Price, 9 
kroner Pp 269, wuth 63 tables, 58 diagrams and 45 protocols Copenhagen 
Levin & Munksgaard, 1937 

This IS an excellent piece of work, done, appaienth, by the author in con- 
nection with his thesis for the degree of Doctor in Medicine at Copenhagen 
First written in Danish, it is now printed in English, only the final chaptei 
appearing in both languages The tables and diagrams which accompany the 
discussion are easilj understood The translation from Danish to English is 
admirable 

The author first review's various methods available for the analvsis of the 
uric acid in blood and urine and points out their most striking faults Fmall 3 ' he 
presents new' methods of his own devising and describes the technic of then 
performance in detail 

After a historical account of methods, the remainder of the book is concerned 
with experiments in which the new' methods were utilized The experiments 
dealt with uric acid clearance under a variety of circumstances, under conditions 
in w'hich the purin or the protein content of the diet or the rate of water excre- 
tion was varied widely A final chapter summarizes the monograph Tables 
are appended in which are recorded the protocols of the observations tvhich w'ere 
made Last of all is an excellent bibliography 

A glance through the bibliography reveals striking^ evidence of how' much 
important work in later 3 'ears has been done by American biochemists and 
physiologists on problems of uric acid metabolism This thesis will be of chiet 
interest to investigators in that particular field 
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COURSE OF POLYCYTHEiMIA 
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Piiniary polycythemia is lemaikable chiefly foi its chiomcity and 
the unusual vanations ^^hlch occur m its couise and teiminal phases 
The disease may be of many years’ duiation, and the clinical changes 
may develop so insidiously as to make it impossible to deteimine the 
tiansition from one stage to anothei , unless this is comprehended, latei 
phases of the condition may appeal to be entirely uni elated to the 
oiiginal polycythemic stage 

Any thoiough study of the entire couise of the disease should include 
a pidimmary consideration of its incipient oi developmental phase, 
which apparently requires several yeais to reach its peak, although in 
some instances less time may be lequired As no adequate hematologic 
tests have yet been devised foi the diagnosis in this phase, its duration 
can only be conjectuied And since the blood picture is the diagnostic 
ciiterion, it is impossible to detennme the piesence of the disease until 
the actual polycythemic stage is reached 

This communication is based on an extensive senes of cases of 
pi unary polycythemia encountered in hospital and private practice It 
lepiesents a study of the clinical and hematologic changes that appear 
m the subsequent and teiminal stages of the disease, such as unusual 
polynucleosis, leukemia, thrombocythemia, chlorotic polycythemia and 
rai e anemia and their combinations 

The 13 cases presented were selected from a group of 75 In the 
ai ranging of their sequence, an endeavor has been made to indicate the 
variations which may occur dm mg the couise of the disease 

ASYMPTOMATIC PHASE 

Polycythemia ina}’- be asymptomatic Its presence may be acci- 
dentally discovered when the patient appeals for a routine examination 
of the blood or for some unrelated condition The first 2 cases aie 
examples of tins asymptomatic form 

From the Department of !Medicine and the Dnision of Laboratories of the 
Mount Smai Hospital 
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Case 1 — Asymptomatic polycythemia, discoveicd zvheii the patient zms being 
tieated jot bleeding of the gums and pyonhea 

I L , a man aged 61, had had no previous illness He consulted his dentist 
for construction of a budge, and it was found necessary to treat the gums for 
severe pyonhea Scraping of the teeth induced marked bleeding This continued 
foi several days and led the dentist to suspect a hematologic condition 

Examination of the blood revealed the typical changes of polycythemia, \ iz , 
hemoglobin, 138 per cent, red blood cells, 10,670,000, platelets, 270,000, white 
blood cells, 13,600, nonsegmented neutiophils, 13 per cent, segmented neutrophils, 

77 per cent, basophils, 1 per cent, l}'iTiphoc3'tes, 6 per cent, monoevtes, 3 per 
cent, and volume of red blood cells, 69 7 per cent 

On physical examination a tj'pical polj'cythemic tacies was noted, which the ^ 
patient’s son stated had been present for man}’- 3 'ears The spleen was not palpable 
The patient had never complained of headaches or dizziness 

Case 2 — Asymptomatic polycythemia, dtscoz'cied aftci the patient zcas t ejected 
jot life msiiiancc 

A B, a man 45 years of age, had always been in good health During the 
latter pait of 1935 he applied for life insurance but was i ejected because urinaKsis 
show’cd a heav}"^ tiace of albumin Foi this reason the patient came to the clinic 
for observation 

Ph 3 '-sical examination levealed a markedly plethoiic man, w’lth slightl} con- 
gested conjunctivas and deep violaceous lips The heart and lungs weie normal 
The spleen and liver w'ere not palpable 

Examination of the blood show'ed hemoglobin, 132 per cent, red blood cells, 

7.800.000, platelets, 320,000, wdute blood cells, 9,600, polymorphonuclcars, SO 
per cent, eosinophils, 1 pei cent, and Ijmiphoc} tes, 19 per cent 

The urine w'as amber colored and gaie an acid reaction A heavv trace ol 
albumin was noted but there was no sugar The specific gravitj was 1 012 There 
weie occasional red blood cells and Iwaline and granular casts 

The patient w’as seen at w'eekly intenals Subsequent examinations of the 
blood revealed findings similai to the fiist ones The last examination, on April 
16, 1936, showed hemoglobin, 133 per cent, red blood cells, 8,410,000, platelets, 

320.000, wdnte blood cells, 8,700, nonsegmented neutiophils, 13 per cent, seg- 
mented neutrophils, 60 per cent, eosinophils, 4 per cent, neutrophilic nnelocjtes, 

2 pel cent, lymphocytes, 19 per cent, monocjtes, 2 per cent, and relatne ^olume 
of led blood cells, 75 75 pci cent 

Comment — It is impoitant to note that although this disease ijiesents 
man)’- symptoms, it may exist despite a feeling of absolute tvell-bemg 
Weie it not foi the insuiance examination, this patient might netei 
have been seen until yeais subsequently, tvhen he might have piesented 
unusual anemia oi leukemia -with splenomegaly 

POLYCYTHEMIC PHASE SYMPTOMATIC 

This IS the stage of polycythemia best known to the clinician, i e, 
when the clinical and hematologic findings piesent a cleai clinical entity 

Duiing this phase the patient presents such symptoms as headache 
dizziness, weakness, paiesthesia, a lucldy complexion and ledness of the 
hands ancl feet In about 75 pei cent of the cases the spleen is enlaiged, 
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the In Cl IS enlaigcd in about 50 pei tent The blood piessine is often 
iioimal, but geneiall) it is moderately elcAated, and in some instances 
thei e is marked h) pei tension, the so-called Geisboeck ^ f oi m The heart 
may be within normal limits or, more commonl) , slightly enlarged to the 
left, usually coinciding with the blood piessure On loentgen examina- 
tion the pulmonai} fields as a lule show inci cased \asculai mai kings 
Bleeding fiom the nose and gums is not infiequent This is not due to 
a tendenc) to bleeding but is the result of congestion of the vascular bed 
Vasculai occlusion as a fiequeiit complication of this disease has been 
lepoited by Oppenheimei - Moiemei, piematuie death often may 
lesult f 10111 thiombosis of a vital ceiebial lessel Erythiomelalgic 
s)mptoms aie fiequently pieseut when no vasculai distui bailees aie 
disceimble , sometimes these aie the sole complaints of the patient This 
biief pictuie is fairly chai actei istic of the polycythemic oi fiist clinical 
phase of the disease 

The hemoglobin value and red blood cell count may be oveiwhelm- 
nigly high The white blood cell count may lange fioiii noinial to a 
faiil} high level The diffeiential count m most cases leveals pol}- 
nucleosis, and the iiunibei of eosinophils and basophils may be inci eased 
The led blood cell volume and the total blood volume aie aluays 
inci eased 

The duiation of the polycythemic phase may be long, possibly ten 
to twenty yeais or even longei Symptomatic and hematologic changes 
may continue until death, and these may become claiified only wdien 
the function of the bone maiioAV is undei stood , *foi piimaiy polycy- 
themia is appal eiitly a disease of the entiie bone mairowq not meiely 
of the led blood cell elements The followung is an example of a 
case of many yeais’ duiation 

Casl 3 — Pinna) V polvcythcnna of Jong dinatwn 

At S, a woman 49 jears cf age (a private patient), w^as first obsened in 
Septembei 1935 

S 3 n]ptonis began at the age of 30, with redness of the ejxs Aligraine and 
dirziness, which had previouslj’- existed for manj’ 3 ears, then became accentuated 
Se\eie backache and pain in the legs supervened and prev^ented sleep 

At the age of 32 the patient entered Battle Creek (Mich ) Sanitai mm under 
the obseivation of Dr Gertrude Johnson,^ wdio published a report of the case. 
\t that time the complexion Avas florid, and the li\er and spleen w'ere not enlaiged. 
kepcated examinations of the blood showed a red blood cell count ranging 
between 7,000,000 and 7,500,000 The patient was treated w'lth phlebotomies and 

1 Geisboeck, F Die Bedeutung der Blutdruckmessung fur die Pi axis, 
Deutsches Aich f klin Aled S 3 362-409, 1905 

2 Oppeniieimer, B S Avascular Occlusion in Polvc 3 themia A'era, Ti A 
Am Plnsicians 44 338-344, 1929 

3 Johnson, G Pohc 3 thcmia A^era Report of Two Cases, J A AI A 
84 1253-1254 (April 25) 1925 
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benzene, as well as mercury and iodides, although the Wassermann test gave a 
negative reaction Roentgen irradiation of the long bones and spleen was given 
for fifteen days On leaving the hospital she showed considerable improvement 
She felt well for two years, when the symptoms recurred Four years after her 
previous admission she re-entered Battle Creek Sanitarium At that time the 
findings were essentially the same, treatment was instituted as before, and the 
patient was discharged somewhat improved 

On Sept 12, 1935, the patient was referred to us by Dr Samuel Silbert 
She complained of her original symptoms, which varied from time to time, and, m 
addition, of severe pain m the finger tips of nine yeais’ duration For six years, 
especially during cold weather, there was severe itching over the back and breasts 

The blood count showed hemoglobin, 122 per cent, red blood cells, 7,050,000, 
platelets, 340,000, white blood cells, 14,500, nonsegmented neutrophils, 18 pei 
cent, segmented neutrophils, 52 per cent, eosinophils, 3 per cent, lymphocytes, 
23 per cent , monocytes, 4 per cent, and relative volume of red blood cells, 52 5 
per cent 

The spleen was not palpable The patient was treated with acetylphenyl- 
hydrazine and small phlebotomies The pain in the finger tips and the itching 
subsided When she w'as last seen there was considerable improvement 

Comment — This case is unusual because of the number of yeais 
duiing which the polycythemic stage continued Eventually, barring 
accidents, this patient may show a condition similai to that presented 
in one of the following cases 

POLYCYTHEMIA ASSOCIATED WITH THROMBOCYTHEMIA 

In about 30 per cent of the cases the numbei of blood platelets was 
increased ^ In such cases thrombosis is more prone to develop This 
fact is not surpiising, as a potent clotting factoi is superimposed on 
an already slowly circulating viscid blood 

Case 4 — Polycythemia associated with tin ombocytlicmia 

S S , a man 69 years of age, a tailor, was admitted to the service of Dr 
George Baehr on Oct 29, 1934, complaining of chionic productive cough and 
increasing dyspnea of ten years’ duration Five and one-half years previously, 
severe intestinal hemorrhages without pain or cramps developed, and the patient 
was admitted to another hospital The hemorrhages were profuse for three days, 
and severe anemia ensued After a blood transfusion there W'as considerable 
improvement Gastrointestinal studies at that time revealed no lesion Three 
weeks before admission to the clinic he had another sev'ere intestinal hemoirhage, 
but his condition improved without a transfusion 

Physical examination revealed a thin elderly man with a characteristic florid 
facial appearance The spleen was felt 1 fingerbi eadth below the costal margin 
The liver was not palpable 

4 The blood platelets were enumerated according to the method of Ottenberg 
and Rosenthal (Ottenberg, R, and Rosenthal, N A New and Simple Method 
foi Counting Blood Platelets, J A M A 69 999 [Sept 22] 1917), sodium citrate 
(3 per cent) being used The normal range vanes from 200,000 to 300,000 A 
diagnosis of thrombocytosis or thrombocythemia was considered if the numbei of 
platelets exceeded 500,000 per cubic millimeter 
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The blood count on Afay 18, 1934, showed hemoglobin, 100 per cent, red 
blood cells, 8,100,000, platelets, 1,500,000, white blood cells, 24,000, nonsegmented 
neutrophils, 7 per cent , segmented neutrophils, 68 per cent , eosinophils, 1 per cent , 
basophils, 2 per cent, lymphocytes, 21 per cent, monocytes, 1 per cent, total 
blood volume, 6,250 cc (120 cc per kilogram), and volume of red blood cells, 
60 per cent 

Comment — ^This patient was not observed until many yeais aftei 
the development of polycythemia This was associated with maiked 
thrombocythemia, which probably resulted m thrombosis of a mesen- 
teric vein and intestinal hemorrhage From observation of other patients 
it IS concluded that such complications aie more likely to occur in cases 
of this type 

POLYCYTHEMIA ASSOCIATED WITH INCREASED LEUKOBLASTIC 

ACTIVITY OR LEUKOBLASTIC AND MEGAKARYOCYTIC ACTIVITY 

The number of white blood cells is frequently increased in the 
peripheral blood, and, as has been pointed out by di Gughelmo,® the 
thrombocytes may be piesent in large numbers Individual cases vary 
in this lespect The polycythemic phase may be accompanied by leu- 
koc3rthemia or thrombocythemia or both Any and all combinations are 
possible, and when it is realized that exhaustion of one element may 
occur while another begins or continues to hyperfunction, one can 
more readily understand the wide vaiiation in the hematologic pictuies 
presented during the slow progress of this disease Increased leuko- 
blastic and often megakaryoc3d;ic activity associated with polycythemia is 
well illustrated by the following cases 

Case 5 — Polycythemia associated with polynucleosis (polynuclear cell 
leukemia) 

S N , a man 52 years of age, was admitted to the service of Dr B S Oppen- 
heimer on Oct 20, 1935 Twenty years previously, after extraction of a tooth, 
the patient first noted a tendency to bleeding, which continued more than a day 
Eighteen years previously he consulted a physician because of heart burn and 
belching At that time the spleen was enlarged, and attention was directed to 
clubbing of the fingers About twelve years previously left hemiplegia developed, 
and the patient was removed to Beth Israel Hospital, where the condition was 
diagnosed as primary polycythemia 

The blood count at that time showed hemoglobin, 133 per cent, red blood 
cells, 11,000,000, white blood cells, 32,800, nonsegmented neutrophils, 16 per cent, 
segmented neutrophils, 80 per cent, and lymphocytes, 4 per cent 

Treatment consisted of phenylhydrazine, phlebotomies and irradiation 

On November 25 the patient was admitted to Alount Smai Hospital, com- 
plaining of large, tarry stools and the vomiting of blackish material The presence 
of a bleeding gastric ulcer was suspected, but his condition did not warrant 
roentgen examination 

5 di Guglielmo, G Eritroleucemia e piastnnemia. Folia med 6 1, 36 55 
81 and 101, 1920 > . . 
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The blood count showed hemoglobin, 100 per cent, red blood cells, 7,350,000, 
platelets, 280,000, white blood cells, 59,000, nonsegmented neutiophils, 20 pei cent, 
segmented neutrophils, 70 pei cent, basophils, 3 per cent, and myelocytes, 7 
per cent 

The patient declined steadily, in spite of many transfusions, and died five 
days after entry 

Co'inment — This case is an example of the long course of poty- 
cythemia, which piobabty had existed foi eighteen yeais Dining the 
latter pait of the polycythemic phase there was evidence of leukocytic 
activity, as manifested by the piesence of laige numbeis of mature and 
immatuie neutrophils In addition, a seveie complication of this dis- 
ease was present, viz , gastric ulcei Duodenal or gastric ulcer is found 
in about 10 per cent of these cases Although it is unusual for such 
ulcers to bleed, when bleeding does occur it is difficult to contiol, as is 
well illustrated in this case Bleeding of aii}^ kind, eithei spontaneous 

01 postoperative, is always an alaimmg symptom in this condition 

Case 6 — Polycythcnna and myeloid leukemia (eiythi olenlemia) 

H R , a man 75 years of age, was admitted to the service of Dr B S 
Oppenheimer on July 3, 1934, complaining of dyspnea, anorexia and pain m the 
left upper quadrant of the abdomen of two years’ duration 

Physical examination revealed an old man of highly plethoric appearance 
The inguinal nodes were palpable bilaterally The liver was felt 4 fingerbreadths 
below the costal margin The spleen extended to the umbilicus 

The blood count showed hemoglobin, 135 per cent, red blood cells, 9,500,000, 
platelets, 160,000, w'hite blood cells, 189,000, nonsegmented neutrophils, 32 per 
cent, segmented neutrophils, 40 per cent, eosinophils, 1 per cent, hrmphocytes, 

2 per cent, myelocytes, 25 per cent, ncimoblasts, 6 per hundred white blood 
cells, and blood volume, 215 cc per kilogram 

The patient was given roentgen treatment to the spleen and femurs and was 
phlebotomized but declined rapidly and died three weeks after admission to the 
hospital Postmortem examination was refused 

Comment — This case is typical of erythioleukemia, m which both 
active erythroblastic and leukoblastic involvement of the bone mariow 
aie piesent It has been suggested that treatment is lesponsible foi 
the development of leukemia in cases of polycythemia To our knotvl- 
edge this man had not received any therapy prioi to admission to the 
hospital Otheis might be of the opinion that the polycythemia fol- 
lowed 01 was associated with the leukemia Such a case has been 
lepoited by Ghiron,® but one has never been obseived by us 

Case 7 — Polycythemia associated zvith leukocytosis, polynucleosis (so-called 
polynucleai cell leukemia) and tin ombocytlicmia 

E S , a w Oman 60 years of age, was admitted to the service of Dr Leo Kessel 
on Oct 16, 1929, wuth a history of epigastric burning, pain in the lower end of 

6 Ghiron, ]M Considerazioni sopra un case di entio-leucemia, Haemato- 
logica 3 162-172, 1922 
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the sternum and pain m the lumbosacral region There were slight dyspnea on 
exertion and swelling of the legs 

Physical examination revealed a plethoric complexion and polyC 3 themic mucous 
membranes There w'ere some thyroid enlargement and cervical and axillary 
adenopathy The heart evas slightly enlarged to the left The luer and spleen 
w'ere likewise enlarged 

The blood count show'ed hemoglobin, 130 per cent, red blood cells, 8,300,000, 
platelets, 456,000, wdiite blood cells, 19,900, polymorphonuclears, 91 per cent, 
eosinophils, 3 per cent, lymphocytes, 4 per cent, and monocytes, 2 per cent 

The patient tvas seen again five years later, complaining of similar svmptoms 
By that time the abdomen had become considerably enlarged, as had also the 
heart, liver and spleen There w ere free fluid in the abdominal cavity and marked 
edema of the lower extremities 

The blood count showed hemoglobin, 85 per cent, red blood cells, 5,320,000, 
platelets, 840,000, wdiite blood cells, 40,000, nonsegmented neutrophils, 13 per cent, 
segmented neutrophils, 82 per cent, eosinophils, 1 per cent, lymphocytes, 1 per 
cent, and monocytes, 3 per cent 

The patient steadily declined and died tw'o w^eeks after admission to the hospital 
Postmortem examination re%ealed dark red bone marrow Microscopically there 
w'as an enormous increase m megakarymeytes 

Comment — In this case all the m}eloid elements weie inci eased 
Toward the end, although the led blood cell count was at a much lowei 
level, the numbei of wdiite blood cells and platelets was gieatly inci eased 
The diffeiential count show^ed striking polynucleosis We have obseived 
the development of tiue leukemia after the polynuclear phase 

Case 8 — Polycythemia associated zmth myeloid Icnlcmia and tin ombocytJicmia 

P H , a Negress 39 years of age, was admitted to the sei \ ice of Dr B S 
Oppenheimer on Jan 18, 1936 About five y^ears previously the patient siiftered 
light hemiplegia Four years previously the menses suddenly ceased For tw'o 
years there had been dyspnea on exertion, with model ate edema of the ankles at 
night Ten months previously the abdomen gradually became enlarged, and piofuse 
night sw'eats and loss of weight occurred 

Physical examination revealed a puffy^-faced dyspneic Negress wuth mild 
exophthalmos A hard, calcified nodule w'as present in the thyroid gland There 
W'ere small, hard, discrete nodes in the cervical, supraclavicular and inguinal regions 
There w'as dulness over the upper lobe of the right lung, wuth rales over the apex 
The heart w'as enlarged to the left The spleen extended to the umbilicus and the 
liver to the crest of the ilium There w'as edema of both low'er extremities 

The blood count showed hemoglobin, 102 per cent , red blood cells, 6 000,000 . 
platelets, 640,000 , w'hite blood cells, 60,000 , nonsegmented neutrophils, 6 pei cent 
segmented neutrophils, 88 per cent, eosinophils, 2 per cent, basophils, I per 
cent , neutrophilic myelocytes, 2 per cent , myeloblasts, 1 per cent , reticulocytes, 5 
per cent, total blood \olume, 8,185 cc fl41 cc pei kilogram), and relative cell 
%olume, S3 per cent 

Sternal biopsy show'ed the presence of many megakaryocytes The patient 
died at home tw'o w'eeks after discharge from the hospital 

Comment — This case piobably repiesents a mote ad\anced stage 
of the condition presented in the preceding case (case 7 ) and coiie- 
sponds with di Giighelmo’s ® ei5Throleukothiomboc3Thenna The pic- 
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ture IS similar save that the white blood cells began to show tiue 
leukemic changes 

CHLOROTIC POLYCYTHEMIA 

A patient with primary polycythemia may respond to theiapy, and 
a normal blood picture may be obtained after a varying period How- 
ever, there is a tendency for the hemoglobin value and red blood cell 
count to return to their previous high levels We have observed that 
after prolonged treatment, particularly with phlebotomies and acetyl- 
phenylhydrazine, the hemoglobin value tends to remain normal or sub- 
normal while the red blood cell count returns to its former high mark 
Although we believe that most phases may occur spontaneously, we 
incline to the opinion that the so-called chlorotic stage is directly due 
to therapy The disproportion between the red blood cell count and 
the hemoglobin value in such cases may be extreme, and the red blood 
cells when examined in stained smears resemble those seen in severe 
hypochromic anemia On rare occasions the response to tieatment 
might lesult m hypei chromic anemia 

Case 9 — Chloiottc polvcytheima 

I P , a man 39 years of age, was admitted to the hematologic clinic of the 
Mount Smai Hospital in March 1933 with a history of cramps m the upper 
portion of the abdomen seven years prior to entry A gastrointestinal roentgen 
study was made at this time and revealed a duodenal ulcer In addition to the 
gastric disorder, the patient suffered considerably from headache and vertigo, but 
little significance had been attached to this until a few months before entry, when 
it was noted that the spleen was enlarged and the color unusually good 

Examination of the blood revealed findings typical of polycythemia Treatment 
was instituted with acetylphenylhydrazine, which induced marked anemia, from 
which recovery was gradual After polycythemia recurred, roentgen therapy was 
given and the patient was phlebotomized at frequent intervals during this treatment 
The blood count before treatment showed hemoglobin, 128 per cent, red blood 
cells, 9,250,000, platelets, 280,000, white blood cells, 20,000, nonsegmented neutro- 
phils, 6 per cent, segmented neutrophils, 70 per cent, eosinophils, 3 per cent, 
basophils, 2 per cent, lymphocytes, 17 per cent, and monocytes, 2 per cent 

About three months subsequently hematuria occurred, with pain across the back 
The uric acid content of the blood was found to be increased (7 mg pei hundred 
cubic centimeters) A calculus was suspected This was confirmed by cystoscopy 
The blood count made one year after the first examination showed hemoglobin, 
80 per cent, red blood cells, 8,000,000, platelets, 350,000, white blood cells, 14,500, 
nonsegmented neutrophils, 5 per cent, segmented neutrophils, 85 per cent, eosino- 
phils, 2 per cent, basophils, 1 per cent, and lymphocytes, 7 per cent 

The blood count made one year subsequently showed hemoglobin, 84 per cent , 
red blood cells, 10,200,000, and platelets, 600,000 

POLYCYTHEMIA WITH A LONG NORMAL STATE 

The response to therapy m this disease vanes markedly m different 
patients A normal clinical and hematologic state may usually be induced 
by treatment with acetylphenylhydrazine, irradiation or phlebotomies, 
singly or in combination The duration of the induced, so-called normal 
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phase vanes greatly It has been our experience that one or t\\o 
courses of roentgenotheiap}'' aie most satisfactory m maintaining a long 
normal state 

Case 10 — Polycyihemm with a long noimctl stale 

L F, a man 49 years of age, was admitted to the service of Dr George Baehr 
on Oct 10, 1928, complaining of dizzy spells which began two years prior to entry 
Six months previously severe intermittent pain developed in the right big toe, which 
became red and swollen The patient stated that his complexion had been florid 
for many years 

Physical examination revealed a highly plethoric type of person The heart 
and lungs were normal The spleen and liver were enlarged 

The blood count showed hemoglobin, 135 per cent , red blood cells, 13,800,000 , 
platelets, 560,000, white blood cells, 9,400, nonsegmented neutrophils, 1 per cent, 
segmented neutrophils, 77 per cent, lymphocytes, 16 per cent, monocytes, 6 per 
cent, blood volume, 168 cc per kilogram, and relative cell volume, 64 6 per cent 

This patient was treated with phenylh 3 ’-drazine, phlebotomies and irradiation, 
but the condition was poorly controlled until a complete course of irradiation had 
been given, when the blood count became normal 

The blood count on Nov 27, 1931, showed hemoglobin, 92 per cent, and red 
blood cells, 5,500,000 

Aieanwhile, no therapy was given 

The blood count on March 1, 1934, showed hemoglobin, 93 per cent, red 
blood cells, 5,000,000, platelets, 240,000, white blood cells, 8,000, nonsegmented 
neutrophils, 2 per cent, segmented neutrophils, 58 per cent, basophils, 2 per cent, 
and lymphocytes, 38 per cent 

The blood count remained normal until January 1935, when the hemoglobin 
value rose to 114 per cent and the red blood cell count to 7,250,000 The patient 
was given a course of roentgen treatment Afterward the blood picture became 
normal and has since remained normal m every respect 


ANEMIC PHASE 

It may be generally stated that unless the disease is terminated 
early in its course by a vascular complication oi later by the develop- 
ment of the erythioleukemic phase, the tendency is ultimately towaid 
marked anemia Patients who reach this stage may be regarded as 
having suivived the entire couise of the disease 

The anemic phase varies m different patients In this stage all the 
elements may be depressed, so that, in addition to the anemia, there 
are leukopenia and thrombopenia However, the platelets may peisist 
in laige numbeis, and anemia may then be associated with thrombocy- 
themia On the other hand, the leukocytes may increase m numbei, 
while the erythropoietic activity is depiessed, and the patient, if seen 
for the first time, will appear to piesent evidence of myeloid leukemia 
The following cases illustrate these variations 


Case 11 — Eaily spent phase, with shghf leukemic changes 

G R , a married woman 66 j^ears of age, first attended the hematologic clinic 
in 1927, with a history of having had blood-shot eye?, and a peculiar disturbance 



912 


ARCHIVES OF INTERNAL MEDICINE 


in vision, when e\erything seemed to tremble, frequently dizzy spells associated 
with nausea but no headache, and pain in the abdomen and legs 

Physical examination revealed a woman of florid appearance The heart and 
lungs were essentially normal The blood pressure was moderately elevated The 
spleen was palpable 

The blood count at this time showed hemoglobin, 155 per cent, red blood 
cells, 12,200,000, platelets, 260,000, white blood cells, 18,000, polymorphonuclears, 
80 per cent, eosinophils, 3 per cent, lymphocytes, 12 per cent, neutrophilic myelo- 
cjtes, 4 per cent, and myeloblasts, 1 per cent 

The patient was given roentgen therapy to the long bones and phenylhydrazme 
The blood count was fairly well controlled In the past three years it has remained 
rather low, with little or no therapy 

The blood count in 1935 showed hemoglobin, 79 per cent, red blood cells, 
5 040,000, platelets, 170,000, white blood cells, 19,200, nonsegmented neutrophils, 
16 per cent, segmented neutrophils, 62 per cent, eosinophils, 1 per cent, basophils, 
2 per cent, neutrophilic myelocytes, 8 per cent, lymphocytes, 7 per cent, and 
monoci'tes, 4 per cent 

Subsequent counts up to the present have been similar Now no theiapj' is 
being given The patient has no complaints but still retains a modeiately poly- 
cythemic appearance 

Comment — This case is leported to diiect attention to the normal 
phase, in which there is relatively slight anemia The patient has 
lemamed m this state foi tliiee years without tieatment The per- 
sistence of the myelocytes is possibly a foierunner of the leukemic 
phase, which may become more maiked as the anemia pi ogresses 

Case 12 — Spent pohcvthcnna zvith Icukemtc changes 

AI W, a woman 46 3 'ears of age, was admitted to the seivice of Dr Geoige 
Baehr on July 10, 1934, with a history of vertigo and headaches, which began 
seventeen years previously Shortly after their onset the condition was diagnosed 
as primary polj'^cythemia At that time the red blood cell count was 11,000,000 

The patient was given benzene and roentgen therapy for thirteen years, during 
which the symptoms were Avell controlled Treatment w'as then stopped because 
it seemed no longer indicated One year later episodes of chills and fever devel- 
oped, the cause being unknowm Between these episodes the patient felt peifectly 
well except for slight -weakness The complaints on entry \vere of \eitigo, 
headache, chills and fever 

Physical examination on the last entry revealed a pale, fairly well nourished 
woman w'ho appeared chronically ill The heart and lungs were noimal The 
“spleen w'as hard and was palpable 3 fingerbreadths below^ the costal margin 

The blood count show-ed hemoglobin, 69 per cent , red blood cells, 3,560,000 , 
platelets, 90,000, wdnte blood cells, 10,400, nonsegmented neutrophils, 10 per cent, 
segmented neutrophils, 50 per cent, eosinophils, 2 per cent, basophils, 1 per 
cent, b^mphocytes, 29 per cent, monocytes, 2 per cent, neutiophilic myelocytes, 
1 per cent, myeloblasts, 5 per cent, and noimoblasts, 2 per hundred w'hite blood 
cells 

Nothing W'as found to account for the chills Although quinine prevented the 
attacks, so also did acetylsalicydic acid w'hen taken in moderate doses The 
patient w'as observed by us for about tw'O years Numerous transfusions as w'ell 
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as injections of li\er extract were gnen without much effect During the last 
3 ear of our obsenaticn it was noted that at the site of each injection, peculiar 
noninflammatorv swellings appeared Biopst of the bone marrow re\eaied osteo- 
sclerosis and some areas of actue hemopoiesis A few months subsequenth a 
large tumor appeared at the site of the sternal biops} The patient died e\entualh 
at Montefiore Hospital 

Postmortem examination retealed tliat the leukopoiesis had, since the biops}, 
become hyperactive, with resulting large tumor-like masses, both medullary and 
extramedullary', which were found to be leukosarcomatous The femoral marrow 
was the site of active mv’eloid hyperplasia 

Comment — This case is of particular interest as the disease fol- 
lowed Its complete course, passing through its various phases, mz 
the pohctthemic the normal and the anemic or spent phase with 
osteosclerosis and finally leukosarcomatosis The changes from one 
phase to another could be identified to some extent A case of this 
character if the patient is obserred for the first time during a late 
phase may present a puzzling diagnostic problem 

CxsE 13 — Spent polycythcnm zeith iluombocythcmia 

J G , a man 62 v ears of age, w as admitted to the serv ice of Dr B S Oppen- 
heimer on Jan 9, 1930, with an essentially ummportant history Eighteen months 
before entry, pamful swelling of the right foot dey eloped A 3 ear prior to entry 
the patient suddenly' became weak and dizzy and had to be carried home, and 
since then had never felt yyell, weakness and marked loss of weight being the 
chief complaints He was finally' admitted to the hospital because of seyere 
anemia, progressive vveak"ness and pallor Prior to this illness the complexion 
was particularly' ruddv' 

Physical examination revealed a pale, poorlvr nourished man The mucous 
membranes were pale The lungs were clear The heart was slightly' enlarged 
to the left The spleen was hard and extended 3 fingerbreadths below the costal 
margin The liver extended down to about the same level 

The blood count show ed hemoglobin, 47 per cent , red blood cells, 3,200,000 , 
platelets, 2200,000, white blood cells, 21,400, nonsegmented neutrophils, 6 per 
cent, segmented neutrophils, 67 per cent, eosinophils, 5 per cent, basophils, 5 
per cent, Iv mphoev-tes, 9 per cent, monoc3tes, 5 per cent, neutrophilic mvelocytes, 
1 per cent, and basophilic mvelocv-tes, 2 per cent 

Biopsy of bone marrow revealed active leukopoiesis and a conspicuous increase 
in the megakary ocv'tes 

Because of the great mcrease in the platelet count (w hich w as alw av 5 in excess 
of 1,000,000 and at times over 2,000,000), the condition was suggestive of throm- 
bosis of the splenic arterv' However, because of the history' of a ruddv' com- 
plexion, the biopsv' report of the bone marrow and the differential count, the 
most logical diagnosis was primary' pobcvthemia m its spent phase 

Subsequent studies of the blood revealed similar pictures The patient became 
too weak to attend the clinic and died about two v'ears after entry to the hospital 

Comment — This case is an example of spent pol}cythemia in the 
sense that the ery-thropoietic elements were lacking m the general circu- 
lation and somewhat depressed in the bone marrow The megakarv'o- 
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cytic and leukocytic elements became more active as the erythropoietic 
elements became exhausted Although the patient was not seen during 
the polycythemic phase, the diagnosis of polycythemia was made prob- 
able by the finding of thrombocythemia and, to some extent, by the 
pre-vious asymptomatic history of polycythemia 

COMMENT 

Piimary polycythemia is always characterized at the beginning by 
erythropoietic activity, which may peisist for many years Howevei, 
this activity eventually declines oi may be supplemented at any time by 
unusual leukoblastic or megakaryocytic activity, producing the various 
hematologic and clinical pictures just desciibed 

This disease, therefore, should be considered as an ever changing 
condition, its various transitions being so gradual as to be almost imper- 
ceptible The classification into phases has been aibitiary, and it may 
be noted that there are no sharp demarcating lines 

As the majority of patients seen at the onset of the condition receive 
treatment, a normal state of the blood may be produced In the early 
active years of the disease the tendency is invariably for the polycythemic 
state to return, and occasionally a peculiar blood picture may develop, 
that of so-called chlorotic polycythemia In such a phase the hemoglo- 
bin value remains fixed at a low level (80 per cent or less), while the 
red blood cell count ranges from 7,000,000 to 10,000,000 In such 
cases early leukemic changes may appear at the same time Patients 
who have been under treatment may of com se show leukemia while true 
polycythemia exists Only careful and continued observation m these 
cases for many years will enable one to comprehend the slow develop- 
ment of the various phases of the disease as a result of the activities 
or exhaustion of ceitain elements m the bone mariow 

It IS obvious from a review of the hteratuie on primary polycythemia 
that little attention has been directed to the peculiar and intricate course 
of this disease Although first described by Vaquez," m 1892, the 
condition was not definitely accepted as a disease entity until several 
years subsequently 

Osier ® in 1903, repoi ted 4 cases and reviewed those cited in the 
literature In this report he stated “Future mvestigatoi s will deter- 
mine whether we have here in reality a new disease The clinical 
picture IS certainly very distinctive, the symptoms, howevei, are some- 

7 Vaquez, H Sur une forme speciale de cyanose s’accompagnant d’hyper- 
globulie excessive et persistante, Bull med , Pans 6 849, 1892 

8 Osier, W Chronic Cyanosis with Polycythemia and Enlarged Spleen 
A New Clinical Entity, Am J M Sc 126 187-201, 1903 
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what indefinite and the patholog}^ quite obscuie ” He pointed out that 
the clinical picture is sti iking, but because of the fact that the long 
duration of the disease with its many hematologic and clinical variations 
was then unknown, the picture was also incomplete 

A bioader conception was given m 1905 m repoits by Weber” and 
Blumenthal They attempted to show that pol 3 ^cythemia is associated 
M ith hyperactivity of the white blood cell elements m the bone mai row, 
which may or may not be reflected in the peripheral blood In the case 
lepoited by Weber, the white blood cell count was normal, and at 
times theie was leukopenia His contention was based on a study of 
bone inariow made m a case leported with Watson,’-^ in which he 
suggested “The changes were, however, not exclusively of an eiythro- 
blastic kind and it may be doubted whether the erythrocytic producing 
function of the bone marrow can ever be gieatly increased without the 
myelocytes being to some extent involved in the activity ” 

In the case reported by Blumenthal,^” the blood pictuie was typical 
of both polycythemia and leukemia He termed the condition mye- 
logenic polycythemia At postmortem examination the bone mairow 
appealed to be typical of that in leukemia Hitherto such a case had 
not been described, and as a result there was much speculation as to 
the 1 elation of leukemia and potycythemia The important fact to note, 
however, is that the original concept of the scope of the disease had 
now been broadened But it was not until many yeais subsequently 
that this was furthei amplified by a description of a case during the 
anemic phase 

Freund,^^ in 1919, noted the tiansition of established polycythemia 
of many years’ duiation to hypercliiomatic anemia resembling per- 
nicious anemia Thiee additional cases of severe anemia following 
polycythemia weie repoited by Minot and Buckman In all their 
cases consideiable enlargement of the spleen was obseived during the 
development of the anemic phase In 1 of these cases six years elapsed 
from the onset of the anemic phase until death In 1928, 2 similai 

9 Weber, F P A Case of Splenomegahc or Myelopathic Polycythem’a 
with True Plethora and Arterial Hypertonica, Without Cyanosis, Lancet 1 1254- 
1260, 1905 

10 Blumenthal, R Un case de polycythemie myelogene, Bull Acad roy de 
med de Belgique 19 775-818, 1905 

11 Weber, F P , and Watson, I H A Case of Chronic Polycythemia with 
Enlarged Spleen, Probably a Disease of the Bone Marrow, Tr Clin Soc London 
37 115-135, 1903-1904 

12 Freund, H Polyzythamie mit Ausgang in perniziose Anamie, Munchen 
med Wchnschr 66 84, 1919 

13 Minot, G , and Buckman, T E Erj'thremia (Polycvtheniia Rubra Vera) 
Am I M Sc 166 469-489, 1923 
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cases ^^ele lepoited b}’^ Delhougne, Gotschlich and Froboese/'* and later 
another m as reported by Avei y 

The cause of this aneniic phase of the disease is not clearly under- 
stood According to Minot and Buckinan it is pioduced by leuko- 
poietic activit}’^, with resulting depression of the erythi opoietic elements 
Aveiy stated that theie is a possibility of acceleiation of the hemo- 
lytic factor In the case leported by him some evidence of increased 
hemolysis ^^as revealed by the van den Bergh reactions and by the 
increased excretion of urobilin m the stool Increased deposits of 
hemosideiin in the livei also indicated excessive hemolysis 

In 3 patients observed by us during the anemic phase, biopsy of 
the bone marrow was made This showed marked leukopoietic and 
megakaryocytic activity in 1 case (case 13), corresponding with the 
obseivation of Minot and Buckman In 2 other cases (case 12 and 
anothei not reported in this series) biopsy of the sternal bone maiiow 
revealed extensive osteosclei osis, as recently reported by Hirsch 
Howevei, it is possible that certain parts may lemain active and may 
show a neoplastic tendency (myelosarcomatosis, as in case 12) in the 
teiminal state 

The 1 elation of the inegakaryocjdes and the blood platelets to pol)- 
cythemia has become an important consideration since Hutchison and 
Miller,’-’' Askanazy and others noted a marked increase in the mega- 
kaiyocytes in the bone marrow and di Guglielmo ® found veritable 
thrombocythemia in some cases of polycythemia Similar cases have 
since been reported, notably by Webei and Bach Luedeke and 
Paienti'' have likewise called attention to the widespread thromboses 

14 Delhougne, F , Gotschlich, E , and Froboese Ueber Polyzythamie nut 
Ausgang in Anaemie, Deutsches Arch f klin Med 160 257-266, 1928 

15 Avery, H A Pernicious Type of Anemia Following Erythremia, Lancet 
1 342-344, 1930 

16 Hirsch, E F Generalized Osteosclerosis with Chronic Polycythemia, 
Arch Path 19 91-97 (Jan ) 1935 

17 Hutchison, R , and Miller, C H A Case of Splenomegalic Polycythaemia, 
with Report of Post-Mortem Examination, Lancet 1 744-746, 1906 

18 Askanazy, M Kncchenmark, m Henke, F, and Lubarsch, 0 Handbuch 
der speziellen pathologischen Anatomie und Histologie, Berlin, Julius Spiinger, 
1927, vol 1, p 2 

19 Weber, F P Erythraemia with Migraine, Gout and Intracardiac Throm- 
bosis, Lancet 2 808-809, 1934 

20 Bach, K >Ueber Thrombosebereitschaft bei Polycythaemie vera, Inaug 
Dissert , University of Leipzig, 1934 

21 Luedeke, H Thrombophilie und Polycythaemie, Virchows Arch f path 
Anat 293 218-252, 1934 

22 Parenti, G C Policitemia vera (M di Vaquez) con diatesi thrombo- 
plastica, Riv di chn med 36 287-310, 1935 
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in certain cases of this t3q5e, designated as thioinbophilia This pai- 
ticulai aspect may be piesent in all phases of polycythemia, including 
the leukemic or anemic stage (as m case 13 of this gioup) The lecog- 
nitioii of all phases of polycythemia is of gieat practical impoitance 

SUMMARY 

Piimai'} polycythemia is a disease of long duiation Occasionally 
the early stage ma}'’ be as3nnptomatic, but usually it is symptomatic 

Aftei a peiiod of years one or moie of a variety of clinical condi- 
tions appaiently develop, as a result eitliei of the h 3 ^pei actiMt 3 '’ of the 
leukopoietic and megakaiyocytic systems oi of exhaustion of the eiy- 
tlnopoietic system 

In Its teiminal stages this disease may become leukemic, thiombocy- 
themic 01 anemic oi may leveal vaiious lemaikable combinations of any 
01 all of these phases 



UTILIZATION OF INTRAVENOUSLY INJECTED 
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In previous papers we ^ reported on the utilization o£ sodium 
d-lactate when injected intravenously into normal persons and into 
patients with acute diffuse hepatic parenchymal injury As a result 
of these observations we suggested that the utilization of this substance 
be employed as a test of hepatic function in the differentiation between 
jaundice due to extrahepatic obstruction and jaundice due to hepatic 
damage ^ 

In the present paper we are reporting on further studies of the 
utilization of sodium d-lactate as a test for the differentiation of these 
two forms of jaundice 

The rationale for the use of sodium cf-lactate was described in the 
previous reports ^ The test is dependent essentially on the ability of 
the intact parenchyma of the liver to convert into glycogen the lactic 
acid that is circulating in the blood stieam It should again be empha- 
sized that the metabolism of d-lactate is quite different fiom that of the 
racemic or the Lsalt, with which all previous clinical work has been 
done , d-lactic acid is a physiologic substance which plays a definite role 
in the intermediary phases of carbohydrate metabolism Thus, Meyei- 

From the Medical Service of Dr George Baehr and the Division of Labora- 
tories of the Mount Sinai Hospital 

Aided by a grant from the Committee on Scientific Research of the American 
Medical Association 

1 Soffer, L J , Dantes, D A , Newburger, R , and Sobotka, H (a) 
Metabolism of Sodium <f-Lactate I Utilization of Intravenously Injected Sodium 
J-Lactate by Normal Persons, Arch Int Med 60 876 (Nov) 1937, (b) II 
Utilization of Intravenously Injected Sodium cf-Lactate by Patients with Acute 
Diffuse Parenchymal Injury of the Liver, ibid 60 882 (Nov) 1937 

2 Soffer, L J , Dantes, D A , and Sobotka, H Sodium d-Lactate Blood 
Clearance as a Test of Liver Function, Proc Soc Exper Biol & Med 36 
692, 1937 
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hof and Lohmann ^ found that isolated hepatic tissue of the rat was able 
to synthesize carbohydrate from c?-lactic acid but hardly from the Mactic 
acid Con and Coi i ^ have pointed out that if 95 mg per hundred grams 
of body weight of tf-lactic acid per hour is injected into rats, there occurs 
no appreciable increase in the lactic acid content of either the blood or 
the urine , w hile if the experiments are repeated with sodium d^-lactate, 
a considerable urinary excretion of lactic acid occurs These authors 
found that from 40 to 95 per cent of the sodium d-lactate given orally 
01 injected subcutaneously is letamed as glycogen m the liver and that 
none is excreted m the urine In contrast to this, they found that 30 per 
cent of the /-lactic acid is excreted in the urine and that hardly any 
glycogen is formed in the liver Himwich, Koskoff and Nahum, ° work- 
ing with decerebrate dogs, found that the mam site of formation of 
lactic acid was the muscle, while the liver was chiefly concerned with its 
lemoval fiom the blood stream and its conversion into glycogen This 
agiees with the conclusion stated by Con and Cori,^ that injections of 
epinephrine which cause a disappearance of glycogen from the muscle in 
normal rats lead to the formation of glycogen from lactic acid m the 
liver Abramson, Eggleton and Eggleton,'^ working with racemic sodium 
lactate, found that in the anesthetized dog neither the muscles nor the 
liver synthesizes gl 3 ^cogen or dextrose from the racemate 

METHOD 

With the patient at rest in bed, 75 mg per kilogram of body weight of 12 
to 14 per cent solution of sodium cf-lactate was injected intravenously during 
fasting A control sample of blood (5 cc ) was collected before the injection 
and another specimen thirty minutes after the injection The specimens were 
collected under sodium fluoride Lactic acid determinations were obtained by 

3 Meyerhof, O , and Lohmann, K Ueber den Unterschied von d- und 
/-Milchsaure fur Atmung und Kohlehydratsynthese im Organismus, Biochem 
Ztschr 171.421, 1926 

4 Con, C F , and Con, G T Glycogen Formation m the Liver from d- and 
/-Lactic Acid, J Biol Chem 81 389, 1929 

5 Himwich, H E , Koskoff, Y D, and Nahum, L H Changes in Lactic 
Acid and Glucose in the Blood on Passage Through Organs, Proc Soc Exper 
Biol & Med 25 347, 1928 

6 Con, C F , and Con, G T Mechanism of Epinephrine Action Influence 
of Epinephrine on Carbohydrate Metabolism of Fasting Rats, with Note on New 
Formation of Carbohydrates, J Biol Chem 79 309, 1928 

7 Abramson, H A , and Eggleton, P Utilization of Intravenous Sodium 
1 -Lactate I Excretion by the Kidneys and Intestines, J Biol Chem 75 
745, 1927 , II Changes in the Acid-Base Equilibrium as Evidence of Utilization, 

^ ibid 75 753, 1927 Abramson, H A , Eggleton, G M , and Eggleton, P III 
Glycogen Synthesis by the Liver, Blood Sugar, Oxvgen Consumption, ibid 75 
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the method of Friedemann and his colleagues,® all being obtained in duplicate 
No untoward reaction was observed in any of the patients after the injection 
of sodium d-lactate 

RESULTS 

We ate presenting the lesults obtained in 76 instances in which this 
test was employed 

The normal peison is capable of utilizing all oi almost all the injected 
(/-lactate within thiity minutes In a numbei of instances the lactic 
acid content of the blood fell below the control level within this period 
We legard as abnormal the retention of 5 mg oi more per hundred 
cubic centimeteis of the injected lactate above the contiol value at the 
end of one-half hour ” 

In table 1 aie presented the data obtained foi 25 noimal persons 
These were patients who had had an uncomplicated herniotomy, 
appendectomy or hemoi rhoidectomy The test was perfoimed within 
five to eight days aftei operation, just before the patient’s dismissal from 
the hospital None of this gioup showed a letention of 5 mg or more 
pel hundred cubic centimeters of the injected lactate at the end of 
one-half hour 

Table 1 — Noimal Conditions 


Number of Cases 

Lactic Acid Retention 
After 80 Minutes, 

Mg per 100 Cc 

9 

0 

2 

0 1 to 0 9 

S 

1 0 to 1 9 

5 

2 0 to 2 9 

3 

3 0 to 3 9 

n 

4 0 to 4 9 

0 

5 0 and 01 er 


In table 2 aie lecorded the data foi 27 patients with acute diffuse 
hepatic parenchymal damage with jaundice These patients had catarrhal 
and arsphenamine icterus and showed a typical clinical course, with 
recovery in all instances Twenty-six of these 27 patients showed reten- 
tion of 5 mg or more per hundred cubic centimeters of the injected 
sodium (/-lactate after thirty minutes In contrast to this gioup, table 3 
shows the results obtained in 13 instances of jaundice due to extra- 
hepatic obstruction The diagnosis was confirmed in each instance eithei 
by operation or by necropsy Of this gioup of 13 patients, only 1 
(case 5) showed an abnormal letention of sodium (/-lactate This 
patient, however, had considerable fevei before the opeiation, and a 
section of liver removed for biopsy at opeiation showed severe chol- 
angitis, with associated damage of the paienchymal cells 

8 Friedemann, T E , Cotonio, M , and Shaffer, P A Determination of 
Lactic Acid, J Biol Chem 73 335, 1927 Friedemann, T E , and Kendall, A I 
Determination of Lactic Acid, ibid 82 23, 1929 

9 Soffer, Dantes, Newburger and Sobotka Soffer, Dantes and Sobotka 2 




Table 2 — Hcpaiihs 


Excretion of 



Lactic 


Hippunc 





Acid 

Ratio of 

Acid 





Retention 

Total 

(Sodium 

Ei-cretion 




After 

Cholesterol 

Benzoate 

of 




30 Mm , 

to 

Test), 

Galactose, 

Excretion 


Cflse 

Mg per 

Cholesterol 

Gm m 

Gin in 

of 


ISo 

100 Cc 

Ester 

4 Hr 

5 Hr 

Urobilin 

Diagnosis 

1 

10 8 

300/115 

066 

4 33 


Catarrhal jaundice 

2 

9 4 

220/ 45 

2 05 

388 


Catarrhal jaundice 

3 

9 9 

325/ 87 

0 95 

185 


Catarrhal jaundice 

4 

50 

290/ 95 

102 

2 08 


Catarrhal jaundice 

5 

96 

260/120 

1 IS 

1 50 


Catarrhal jaundice 

G 

68 

190/ CO 

4 05 

0 60 


Catarrhal jaundice 

7 

26 1 

ISO/ 55 

0 53 

5 50 


Catarrhal jaundice 

8 

12 2 

280/180 

2 00 

2 40 


Catarrhal jaundice 

9 

63 

210/ 35 

090 

5 40 


Catarrhal jaundice 

10 

8 3 

125/trace 

0 99 

5 50 


Catarrhal jaundice 

11 

10 0 

165/ 65 

1 42 

610 


Catarrhal jaundice 

12 

17 6 

210/ 35 

3 10 

2 73 


Catarrhal j aundice 

13 

9 5 

250/ 80 


2 55 

1 40 

Catarrhal jaundice 

14 

72 


110 

9 80 

1 10 

Catarrhal jaundice 

15 

43 

470/230 

0 7C 

0 03 

1 160 

Saline jaundice 

16 

10 4 

575/270 

2 30 

0 

110 

Catarrhal jaimdice 

17 

62 

440/115 

2 40 

5 84 


(Catarrhal jaundice 

18 

10 8 

260/ 55 


0 

1 160 

Catarrhal j aundice 

19 

88 

170/trace 

0 20 

3 00 

1 20 

Catarrhal jaundice 

20 

5 4 





Catarrhal jaundice 

21 

75 

230/ 96 

1 50 

9 49 

1 320 

Arsphenamine jaundice 

22 

73 

400/110 

122 

811 

1 160 

Arsphenamme jaundice 

21 

97 

225/ 57 

2 34 

1 50 

1 160 

Arsphenamine jaundice 

21 

88 

260/ 55 


0 

1 160 

Arsphenamme j aundice 

25 

84 

260/ 96 

179 

4 40 

1 40 

Arsphenamine jaundice 

26 

67 

175/ 45 

2 20 

3 96 

1 160 

Arsphenamme jaundice 

27 

CC 

310/110 

0 50 

8 76 

1 160 

Arsphenamine jaundice 


Table 3 — Jawidtcc Due to Eiftahepaftc Obst! uctton 





Excretion of 




Lactic 


Eippuric 





Acid 

Ratio of 

Acid 





Retention 

Total 

(Soaium 

Excretion 




After 

Cholesterol 

Benzoate 

of 




30 Min , 

to 

lest), 

G ilacloce, 

Excretion 


Case 

Mg per 

Cholesterol 

Gm m 

Gm in 

of 


No 

100 Cc 

Ester 

4 Hr 

5 Hr 

Eironihn 

Diagnosis 

1 

0 

830/470 

3 37 

3 60 


Cancer of head of pancreas 

2 

0 

425/150 

0 80 

0 


Stone in common duct 

3 

0 

m/m 

1 50 

lOS 


Cancer of head of pancreas 

4 

0 

430/110 

315 

0 

1 5 

vStone m common duct 

5 

97 

225/ 67 

2 34 

1 50 

1 ICO 

Cancer of head of pancreas 

6 

40 

270/ 78 


090 

0 

Stone m common duct 

7 

48 

385/170 

0 82 

1 SO 

1 40 

Cancer of gallbladder and ducts 

8 

10 

580/227 

Positive 

330 

1 5 

Cancer of head of pancreas 

9 

36 

356/170 


096 

1 10 

Stone m common duct 

10 

33 

155/ 36 


0 1 

4, 1 640, 1 2 

Stone in common duct 

11 

10 

275/200 

1 90 

0 40 

1 20 

Stone in common duct 

12 

07 

355/155 

206 

0 27 

1 10 

Cancer of gallbladder and ducts 

13 

1 4 

440/250 

3 79 

0 69 

1 SO 

Stone in common duct 


Table 4 — Diabetes and Myopathies 


Retention of Lactic 
Acid After CO Jlin 


Blood Sugar, 


Case No 

Mg per 100 Cc 

100 Cc 

Diagnosis 

1 

52 

150 

Diabetes 

2 

0 

194 

Diabetes 

S 

0 

545 

Diabetes 

4 

0 

200 

Diabetes 

5 

0 

250 

Diabetes 

G 

0 


Myasthenia gravis 

i 

GS 


Myasthenia gravis 

S 

27 


Polymyositis 


0 


Pseudohvpertrophic muscular dystrophy 


2 4 


Mvasthenia gravis ' ^ 

11 

0 1 


Amyotonia congenita 
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Since the test mirrors one phase of carbohydiate metabolism, it is 
important to determine what influence the presence of diabetes has on 
the results Table 4 presents the data for 5 patients with diabetes of 
mild, moderate or sevei e intensity The first patient, with a blood sugar 
value of 150 mg per hundred cubic centimeters during fasting, showed 
a retention of 5 2 mg per hundred cubic centimeters of lactic acid above 
the control level This patient, however, had a large liver, which 
extended to the level of the umbilicus The remaining 4 patients, despite 
considerable elevation of the blood sugai level, utilized the injected 
sodium (f-lactate in a normal fashion In this table are also recorded 
the results obtained in 6 instances of various types of myopathy One 
of this group, a patient with myasthenia giavis, showed retention of 
6 8 mg per hundred cubic centimeters 

In table 5 are charted for purposes of comparison the results obtarned ^ 
with several other hepatic function tests pei formed on the group of 

Table 5 — Hcpatilts and laundice Due io E\tiahepaiic Obshnctioi 


Cases o£ Jaundice t)ue to 
Oases of Hepatitis Hxti ibopntic Obstruction 

« - — - - _ _ 



Total 

Xo of 
Cases 

Positive 

Results 

Negatne 

Results 

Total 
Xo of 
Oases 

Positive 

Results 

Negative 

Results 

Sodium d lactate test 

27 

26 

1 

1C 

1 

12 

Determination of ratio of total 
cholesterol to cholesterol ester 

23 

12 

12 

13 

4 

9 

Galactose tolerance test 

26 •- 

11 

12 

IS 

2 

11 

Sodium benzoate test 

X 

22 

1 

10 

7 

3 

Urobilin test 

■" r 

10 

3 

10 

3 

7 


patients with hepatitis and mth jaundice due to extiahepatic obstruction 
The tests that were^made simultaneously with the sodium d-lactate test 
were the determination of the ratio of total cholesteiol to cholesterol 
ester, the sodium benzoate test, the galactose toleiance test and the test 
of the urinary excretion of urobilin It will be seen that in the patients 
with hepatitis the sodium cf-lactate and the sodium benzoate test yielded 
the gieatest incidence of positive results, while the galactose tolerance 
test and the determination of the ratio of total cholesterol to cholesterol 
ester shouted hepatic damage in only approximately half the instances 
For the group of patients wnth obstructive jaundice, how^ever, the results 
obtained wnth the sodium benzoate test were misleading, since in 10 

10 The following values for the tests employed were accepted as evidence 
of hepatic dysfunction for the proportion of cholesterol ester, a value of 40 per 
cent or less, for the sodium benzoate test, a urinary evcretion of less than 3 Gm 
of hippuric acid during a four hour period , for the galactose tolerance test, a 
urinary excretion of 3 Gm or more of galactose during a five hour period, and 
for the test for urobilinuria, a urinary excretion of urobilin in dilutions of 1 20 
or higher 
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instances of proved extiahepatic obstruction ^vltl^ icterus, the latter 
tests yielded 7 positive results , that is, in 7 instances the sodium benzoate 
test suggested extensive hepatic damage 

Of this group of 13 patients with obstruction, the results with the 
sodium d-lactate test were negative for 12, and the results of the 
galactose tolerance test were negative for 11 , whereas the determination 
of the ratio of total cholesterol to cholesterol ester indicated no hepatic 
damage in 9 instances 

COMMENT 

It would haidly seem fair to add another hepatic function test to the 
already ovei crowded diagnostic armamentarium unless it could serve a 
definite purpose The different types of hepatic function tests and then 
respective merits have been adequately reviewed before In a general 
way. It may be said that in the absence of jaundice there aie several 
satisfactoiy procedures which may help in determining the presence or 
absence of hepatic dysfunction In the presence of jaundice, however, 
the problem is much more involved The number of tests which are 
available are limited and unfortunately are not entirely satisfactoiy 
The jaundiced patient not infiequently piesents the diagnostic problem 
as to Avhether the jaundice is due to extrahepatic obstruction or to 
intrinsic disease of the hepatic paienchyma The group of patients with 
jaundice due to extrahepatic obstruction not infrequently have slight 
hepatic damage, which may be determined by a test such as the sodium 
benzoate test, hence this piocedure is not very helpful in the making of 
a differential diagnosis The galactose tolerance test and the determina- 
tion of the rate of total cholesterol to cholesterol ester are less sensitive, 
but unfoitunately so often give negative results for patients with 
hepatitis that heie again their value is reduced The ideal test would be 
one which is sensitive enough to yield positive results in the presence 
of diffuse hepatic parenchymal damage but which would give uniformly 
negative results when the jaundice is due to extrahepatic obstruction 
As to how closely the sodium cf-lactate test approximates this ideal will 
be detei mined in time by more extensive investigations in other clinics 

We have not employed this test for patients with hepatic disease in 
the absence of jaundice, since there are so many satisfactory tests 
available under such circumstances Our object in introducing this test 
is to provide another means which may help in differentiating jaundice 
due to disease of the hepatic paienchyma from jaundice due to extra- 
hepatic obstruction 

11 Soffer, L J Present Day Status of Lner Function Tests, Medicine 14 
185, 1935 Snell, A M, and ]\Iagath, T B The Use and Interpretation of 
Tests for Liver Function, JAMA 110 167 (Jan 15) 1938 
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CONCLTjSIONS 

The utilization of inti avenously injected sodium t/-lactate as a 
hepatic function test is desciibed 

Seventy-five milhgiams per kilogram of body weight of this sub- 
stance IS injected intravenously, and a retention of 5 mg or moie pei 
hundred cubic centimeters above the control level foi the lactic acid 
content of the blood at the end of one-half hour is considered abnonual 

The majoi field of usefulness of this test is in the differentiation 
of jaundice due to diffuse disease of the hepatic parenchyma from 
jaundice due to extrahepatic obstruction 

The test was performed on 76 persons, 25 of whom were noimal 
There v ere 5 patients with diabetes and 6 with various types of 
myopathy There were 40 patients with jaundice, 27 of whom had 
diffuse hepatic damage, such as catarrhal and arsphenamine jaundice, 
while 13 had jaundice due to extiahepatic obstruction, confiimed eithei 
at opeiation oi at necrops}'^ 

In normal persons the degiee of retention of the injected sodium 
<f-lactate was less than 5 mg per hundred cubic centimeters, while in 
1 diabetic patient and in 1 patient with myasthenia gravis there was a 
letention of more than 5 mg per hundred cubic centimeteis The 
diabetic patient who showed this abnormal retention had a considerably 
enlarged liver 

Of the 27 patients with icteius due to hepatitis, all with the exception 
of 1 patient showed an abnormal retention of the injected lactate 

In only 1 of the 13 patients with jaundice due to extrahepatic 
obstiuction was theie an abnormal retention of the injected lactate 
This patient had severe cholangitis, with associated injury of the hepatic 
cells confiimed by biopsy 

Comparative studies were made for all the patients with jaundice 
vith the sodium benzoate test, the galactose tolerance test, the urobilm- 
uria test and the determination of the latio of total cholesterol to 
cholesteiol ester 

In compaiing the results obtained Avith the sodium (/-lactate test and 
those obtained with the various other hepatic function tests it was found 
that the fii st-mentioned test was most helpful in differentiating between 
the two types of jaundice 



HEPATIC COMPLICATIONS IN POLYCYTHAEiMIA 

VERA 

WITH PARTICULAR REFERENCE TO THROMBOSIS OF THE HEPATIC 
AND PORTAL VEINS AND HEPATIC CIRRHOSIS 

ARTHUR R SOHVAL, MD 

NEW -iORK 

Patients with pol} cythaemia Aeia commonly fiist consult a physician 
because of vascular tin omboses ^ The frequent situation of these lesions 
111 cerebral, peripheral and mtia-abdominal vessels is well recognized 
The clinical picture is essentiall}^ determined by the vitalit} of the organ 
deprived of its blood supply An oppoitunity was recently afforded to 
study a patient with polycythaemia vera in whom huge enlaigement of 
the liver, ascites and jaundice supervened owing to thrombosis of the 
hepatic veins Because of the rarity of this complication, the difficulties 
111 making a differential diagnosis and the gravity of the prognosis, this 
case Mas deemed Morthy of recording, and the pertinent literature M^as 
suri eyed 

REPORT OF A CASE ^ 

Histoty — A Jew aged 30 j'ears entered the hospital because of increasing 
shortness of breath, weakness and abdominal enlargement He had measles, 
mumps and diphtheria in childhood Tonsillectomy was performed uneventfully 
seven years previously Varicose veins of a few 3 ears’ duration M'ere given 
injection treatment unsuccessfully tv'o years before entry 

The patient had always had a ruddy complexion and was perfectly well until 
three Aveeks prior to entry, vhen for no apparent reason, generalized abdominal 
cramps and seiere diarrhea, consisting of fifteen to twenty ■waterj’- stools daily, 
developed The stools contained no blood, mucus or pus The diarrhea spon- 
taneous!} gave way to constipation With the onset of the diarrhea, progressive 
enlargement of the abdomen was noted, soon becoming associated with short- 
ness of breath In addition, the patient complained of constant epigastric distress, 
weakness, loss of appetite and profuse sweating For two weeks the eyes had 
been yellow' and the urine dark A low grade fever, w'lth a rise in temperature 
to 100 F, was also noted 

ExaminaUon — The patient w'eighed 222 pounds (100 7 Kg) There had been 
a recent gam of o\ er 20 pounds (9 Kg ) He w'as w'ell developed and w'ell nour- 
ished but appeared acutely ill and obAuously dispneic While there w'as no 
cyanosis, the skin of the malar region, ears, tip of the nose and palms w'as distinctly 
ruddy The e}es w'ere bloodshot, and the mucous membrane of the tongue. 

From the Medical Service of Dr George Baehr, the Mount Sinai Hospital 

1 Brown, G E , and Giffin H Z Peripheral Arterial Disease m Poly- 
c}themia Vera, Arch Int Med 46 705-717 (Oct) 1930 

2 In table 1 this case is referred to as case 60 



926 


ARCHIVES OF INTERNAL MEDICINE 


cheeks and throat was brick red The skin and scleras were moderately icteric 
The pupils were normal Examination of the fundus disclosed engorged veins 
No abnormality was present in the structures of the neck Marked dulness-to- 
flatness, diminished breath sounds and fremitus were present over the basal 
portions of the lungs posteriorly, especially on the right side The left cardiac 
border was percussed just outside the nipple line The heart sounds were of 
fair quality, and no murmur was present The blood pressure was 120 systolic 
and 90 diastolic The radial pulses were of poor quality 

The abdomen was markedly distended with fluid The liver was markedly 
enlarged, slightly tender and smooth, and its edge was palpable 5 fingerbreadths 
below the right costal margin The spleen was not felt Rectal examination 
revealed only a few external hemorrhoids Bilateral varicosities of the internal 
saphenous system in each leg were present There was no edema, and pulsations 
were felt in both dorsalis pedis arteries 

Laboratory examinations (the hematologic studies were made by Dr Frank 
Bassen) disclosed the presence of polycythaemia vera A blood count showed 
hemoglobin, 110 per cent (Sahli) , erythrocytes, 7,430,000 per cubic millimeter, 
platelets, 220,000, leukocytes, 29,500, polymorphonuclear neutrophilic leukocytes, 
82 per cent (segmented forms, 79 per cent), eosinophilic leukocytes, 2 per cent, 
lymphocytes, 13 per cent, mononuclear cells, 2 per cent, and myelocytes, 1 per 
cent The blood volume was 9,750 cc, representing a volume of 108 cc per 
kilogram The relative cell volume was 60 per cent The urine contained a 
trace of albumin, a faint trace of bile and urobilin and occasional leukocytes 
Occult or gross blood was absent from the stool The icteric index of the blood 
(acetone method) was 22, and there was a faint delayed positive direct van den 
Bergh reaction The serum bilirubin value was 4 mg per hundred cubic centi- 
menters Marked hepatic damage was indicated by the plasma cholesterol value 
of 125 mg, with only a trace of ester fraction, and the blood sugar value of 
50 mg The urea nitrogen content of the blood was 13 mg The Wassermann 
test of the blood gave a negative reaction A roentgenogram of the chest dis- 
closed large pleural effusions at the base of each lung, more extensive on the 
right side 

It was felt that the patient was suffering from polycythaemia vera with com- 
plicating portal obstruction The tremendous enlargement of the liver appeared 
to exclude simple thrombosis of the portal vein as the cause The degree and 
rapidity of the hepatic enlargement and the advanced hepatic damage, as evi- 
denced by the extremely low cholesterol partition, seemed to justify the diagnosis 
of obstruction of the hepatic veins In view of the primary polycythemia, it 
was felt that the obstruction was a completely occlusive thrombosis 

Couise — After abdominal paracentesis, with the removal of 6,100 cc of bile- 
stained fluid, the patient became drowsy, mentally confused and profoundly weak 
The blood cholesterol value sank to 62 mg , with absence of ester Profuse drain- 
age continued from the abdominal wound for a week With a high carbohydrate 
diet, daily hypodermoclyses of 5 per cent solution of dextrose and a restricted 
intake of fluid and salt, his general condition began to improve, the icterus dis- 
appeared, his appetite and strength partially returned and the blood cholesterol 
value rose to 100 mg , although the ester fraction was still absent The improve- 
ment came about despite the fact that two phlebotomies of 450 and 400 cc , respec- 
tively, failed to influence the blood count Notwithstanding a continued increase 
in the patient’s sense of well-being with a concomitant rise m the blood cholesterol 
value to 140 mg, with no ester, edema of the feet and legs appeared, and 
peritoneal fluid reaccumulated, requiring a second paracentesis (2,400 cc ) 
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Hematologic values at this time ^\ere essentially unaltered, and a third phlebotomy 
(650 cc ) was performed, uith a resultant drop of the hemoglobin value to 94 
per cent and of the erythroc>te count to 5,260,000 The leukocyte count remained 
at 18,200 per cubic millimeter Thereafter, ascites gradually reappeared, the 
cholesterol value mounted to 185 mg , with 50 mg of ester, and a third paracentesis 
was performed No diuresis followed three intravenous injections of mercunn 
with theophylline The patient was discharged from the hospital nine weeks after 
entry with only a small amount of fluid in the abdominal cavity, a blood cholesterol 
value of 215 mg, with 35 mg of ester, a hemoglobin value of 102 per cent, an 
erythrocyte count of 5,980,000 and a leukocyte count of 27,500 per cubic milli- 
meter The total protein content of the blood was 6 1 Gm per hundred cubic 
centimeters, of which serum albumin constituted 4 2 Gm and globulin 1 9 Gm 

The patient survived for over two months Two \veeks after discharge from 
the hospital he was readmitted for abdominal paracentesis (4,700 cc ) and Potain 
aspiration (1,600 cc ) of the right pleural cavity A blood count showed hemo- 
globin, 103 per cent, erythrocytes, 5,420,000, and leukocjdes, 14,500 per cubic 
millimeter The blood cholesterol value was 150 mg, with 17 mg of ester 
The patient was ambulatory and fairly comfortable except for occasional periods 
of abdominal cramps and diarrhea He reentered the hospital for the third time 
three weeks later, a week before death The fifth and final abdominal paracentesis 
(5,000 cc ) was performed It was of interest that the blood count had remained 
stationary at relatively normal levels for the three months following the last 
phlebotomy, without any recurrence of the polycythemic state The blood cho- 
lesterol value was then 175 mg , wuth 26 mg of ester The scleras again became 
slightly icteric, and bile and urobilin were again present in the urine The patient 
had steadily lost ground, and although the abdomen was still protuberant, he 
presented evidences of marked loss of weight, with pinched facies During the 
entire period of observation the liver did not vary in size, \vhile the spleen 
could be occasionally and indefinitely palpated 

It was felt that recanalization of the thrombosis of the hepatic veins, possibly 
with hepatic regeneration, had occurred to some extent, because of the initial 
clinical improvement and the increase of the cholesterol values and partition In 
view of the hopeless prognosis and the probability that adequate time for the 
maximum development of recanalization and parenchymal regeneration had 
elapsed, omentopexy, with the patient under procaine hydrochloride infiltration 
anesthesia, for the purpose of shunting the portal circulation was performed The 
surgical procedure was tolerated well, but about twelve hours after operation the 
patient showed signs of shock and died This occurred almost five months after 
the onset of symptoms 

Postmoitcm Examination (Drs Bernheim and Seligmann) — The anatomic 
diagnosis included obliterating organized thrombosis of the hepatic, portal, splenic 
and superior mesenteric veins with recanalization, a localized organizing mural 
thrombus in the intrahepatic portion of the inferior vena cava, extreme passive 
congestion of the liver , hepatic degeneration , ascites , hydrothorax, and peripheral 
edema 

The liver weighed 2,975 Gm Its surface was light red and mottled with small 
yellow flecks and occasional darker congested areas It was smooth except for 
the lateral portion of the right lobe, where distinct nodules, 2 to 5 mm in 
diameter, were present On section the periportal zones were markedly increased 
in size The central areas were dark red, enlarged and markedly depressed 
Numerous branches of the hepatic veins were occluded by grayish or grayish 
red tissue On microscopic examination the normal appearance was greatly 
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impaired The capsule was infiltrated with lymphocytes and mononuclears This 
infiltration was also present in the portal areas In addition, the radicles of the 
portal vein m the portal spaces were markedly dilated Most of the hepatic tissue 
was destroyed Except for a thin rim of parenchymal cells which contained fat, 
immediately surrounding the portal fields, only blood-filled and empty sinusoids 
and stroma were recognizable In the destroyed areas, fat droplets were seen 
within the Kupffer cells The fibers of the reticulum were collapsed, slightly 
thickened and fragmented in the intermediate and central portions of the loSules 
The central veins were engorged In some instances their walls were somewhat 
thickened A moderate number of sublobular veins showed partial or complete 
occlusion bj young cellular connective tissue, occasionally with recanahzation 
A large hepatic tributary was seen to be occluded by loose, spongy connective 
tissue, the interstices of which contained blood In addition, there were within 
the occluded lumen a few thin-walled vessels, indicating recanahzation of an 
organized thrombus The internal elastic membrane of the large vein was for 
the most part intact Here and there it was broken by penetrating vessels No 
evidence of inflammation was found in the wall of the vein 

The spleen weighed 1,125 Gm Microscopic examination revealed marked con- 
gestion, with hyperplastic sinusoids Hemorrhage and increased numbers of poly- 
morphonuclear leukocytes were present in the perifollicular regions Near the 
follicles, periarterial fibrosis was noted Occasional localized areas of fibrosis 
uere present with marked fibrous thickening of the Billroth cords 

The bone marrow was red and hvperplastic, tvpical of polycythaemia vera, 
with striking erythropoiesis Microscopically there was an increased number of 
normoblasts and megakaryocytes 

Comment — Obseivation of this case stimulated interest in the sub- 
ject of hepatic manifestations in polycythaemia vera This lesolved 
itself principally into an inquiry into the incidence and pathogenesis of 
hepatic enlaigement, ascites and jaundice 

HEPATIC ENLARGEMENT IN POLYCYTHAEMIA VERA 

The vascular bed of the hvei, like that of the othei oigans in poly- 
ctthaemia vera, is markedly distended with blood Microscopically, 
marked congestion of the veins is noted, often with some atiophy of the 
adjacent hepatic cords Clinical enlargement of the hvei has been 
observed in the majority of the cases Blown and Giffin ® found it in 
8 of 14 cases In order to obtain further data concerning the incidence 
and significance of hepatic enlaigement in this disease, a study was made 
of 59 additional patients with polycythaemia veia admitted to the hos- 
pital wards between 1919 and 1937 (table 1) Seven of these patients 
came to necropsy All had definite polycythaemia veia, charactei ized 
by typical blood values,^ splenomegaly oi hypei plastic bone mariow 
Fuithermore, the absence of an increased demand for oxygen in these 

3 Brown, G E , and Giffin, H Z Studies of the Vascular Changes in Cases 
of Polycythemia Vera, Am J M Sc 171 157-168, 1926 

4 Almost all the blood counts and determinations of the blood volume were 
performed by Dr Nathan Rosenthal or members of his department 
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cases excluded secondary polycythemia Particulai attention was paid 
to the duration of symptoms , the palpability of the liver and spleen , 
the effect of treatment, the blood count, volume and cholesterol value, 
and the presence of icterus, ascites, vascular lesions and associated 
diseases 

Hepatic enlargement was considered slight if the edge of the hvei 
was palpable 1 fingerbreadth, moderate if 2 or 3 fingerbieadths and 
marked if more than 3 fingerbreadths below the costal margin In 22 
cases the liver was not palpable or enlarged, m 8 cases enlaigement was 
slight, m 17 cases moderate and in 13 cases maiked Thus, in 50 pei 
cent of the cases there was moderate or marked enlargement of the liver 

When the cases were grouped accoidmg to the degiee of hepatic 
enlaigement, a general con elation with the duration of polycythemic 
symptoms was noted The average duration of symptoms was two and 
three-tenths years when enlargement of the liver was absent, thiee and 
six-tenths years when it was slight, four and thiee-tenths yeais when 
it was moderate and five and one-tenth years when it was maiked It 
should be noted, howevei, that these figures repiesent aveiages for 
gioups and that extreme exceptions are leadily noted Foi example, m 
3 cases in which hepatic enlargement was absent or slight (cases 11, 59 
and 33), the duration of symptoms was ten, eleven and twelve years 
On the other hand, m cases 22, 43 and 60 there was maiked enlarge- 
ment of the livei, with a minimal duration of symptoms In this 
connection, howevei, cognizance must be taken of the fact that poly- 
c}1;haemia vera often exists foi many years without pioducing symp- 
toms This imposes a serious limitation on the mterpietation of this 
con elation 

As seveial patients weie obseived for prolonged periods, changes m 
the size of the liver weie frequently noted No consistent effect of 
tieatment on the size of the liver was found, ii respective of the type of 
tieatment or the effect on the blood count and symptoms In general, 
the livei inci eased m size with the passage of time, despite tieatment 
Intel cui rent icterus induced by phenylhydrazine (cases 25, 29 and 48) 
was usually associated with a rapid inciease in the size of the liver In 2 
(cases 29 and 48) of these 3 cases, the livei receded to its pievious size 
as the jaundice disappeaied In another instance (case 53) a decrease 
in size was noted while the patient was under treatment The liver was 
found to be smaller some time after discontinuance of treatment in 3 
other cases (cases 49, 51 and 59) Terminal decrease in the size of the 
liver was observed in the presence of complicating cirrhosis (case 54) 

A study of the tabulated data disclosed no geneial relation between 
hepatic and splenic enlaigement except so far as marked splenomegaly 
was concerned This occurred in 5 of 30 cases in which hepatic enlarge- 
ment was absent or slight, in 6 of 17 cases m which hepatomegaly was 
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Table 1 — Clinical Findings in Sixty Cases of Polycythaemia Vet a Gi ouped Accoiding to the Degiee of Hepatic Enlaigement — Continued 
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moderate and m 7 of 13 cases m which it was marked In other words, 
there is a tendency tonard association of marked enlargement of the 
liver and spleen 

No correlation could be estatalished between the size of the liver 
and the hemoglobin value, the erythrocyte, leukocyte or platelet count 
or the volume of blood per kilogram of body weight The plasma 
cholesterol value was detennmed in 22 cases and bore no definite i ela- 
tion to the size of the liver or the presence of jaundice The group of 
patients with marked hepatomegaly presented the widest variation of 
cholesterol values 

Vascular lesions occuried one or moie times in 21 of the 60 patients 
This corresponds to the findings of Norman and Allen,’’ who reported 
vascular lesions m about one third of 98 patients seen at the Mayo Clinic 
Vascular thrombosis m the present senes w^as not related to the degree 
of hepatic enlaigement 

Finally, certain associated diseases appeared to have some effect on 
the size of the liver A spontaneous anerythremic phase w^as observed 
in 2 instances m which hepatic enlargement was moderate, although it 
also occurred jn 1 case without enlargement of the liver Moderate or 
maiked enlargement of the liver with jaundice was due to phenylhy- 
drazme in 4 cases Overactivity of the myeloid elements of the 
hemopoietic system with leukemic tiansformation was present in 2 cases 
of moderate and 2 others of marked hepatic enlaigement Caidiac 
decompensation, cirrhosis of the liver and complete thrombosis of the 
hepatic and portal veins were associated with marked hepatic enlarge- 
ment and ascites 

From the foregoing data it is evident that m about two thirds of the 
cases of polycythaemia vera the liver may be palpated while in one half 
theie is model ate oi marked hepatic enlargement Simple engorgement 
with blood IS undoubtedly a factor In many instances the degree of 
hepatic enlargement appears to be related to the duration of the disease 
In some cases in which there is considerable enlargement of the liver, 
associated diseases play a dominant role These conditions, which 
may be regarded as secondary complications, comprise phenylhy di azine 
jaundice, leukemic transformation, myocardial decompensation, cirrhosis 
of the liver and thrombosis of the hepatic and portal veins 

The clinical diagnosis of phenylhydrazme jaundice, leukemic trans- 
fonnation or myocardial failure is usually made without difficulty 
However, hepatic cirrhosis or thrombosis of the portal or hepatic veins, 
wuth or without ascites, is generally diagnosed only at the necropsy table 
In an attempt to elucidate the clinical picture of these complications, the 
literature was searched for similar conditions Only authentic cases in 
wdiich the diagnosis was proved at autopsy were selected 

5 Norman, I L , and Allen, E V The Vascular Complications of Poly- 
cythemia, Am Heart J 13 257-274, 1937 
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CIRRHOSIS OF THE LIVER IN POLYCYTHAEMIA VERA 

While Harrop ® has stated that hepatic cirrhosis is a lather common 
terminal event in polycythaemia vera, others have viewed it as a rarity 
There are but 9 acceptable instances reported in the literature (table 2) ® 
In spite of the relatively small number of cases reported, there can be 
no doubt that the association of polycythaemia veia with cirrhosis is 
more than a simple coincidence All writers have acknowledged an 
etiologic relation between the two conditions, although they have not 
always been in agreement conceming the precedence of the poly- 
cythemia or of the cirrhosis 

Turk,® credited with the first report, said he believed that the 
cirrhosis is the primary condition A toxic effect on the blood was 
hypothecated to explain induced ovei activity of the bone mariow result- 
ing in polycythemia This theory appeared to receive some support 
subsequently from the experimental work of Hess and Saxl,^° who 
produced erythrocytosis by means of hepatotoxic agents They gave as 
their opinion that a primary alteration in the cells of the liver 
(cirrhosis) produces an impaiiment of its hemoglobin — destroying func- 
tion with resultant polycythemia 

A contrary mechanism was first suggested by Mosse,^^ who said he 
legal ded hepatic cirrhosis as a secondary complication of polycythaemia 
vera He concluded that increased destruction of blood and an excessive 
amount of blood in the liver are the primary etiologic factors resulting 
111 hepatic damage Most workers now adhere to this point of view 

Analysis of the available reports of 10 cases (including case 54) 
reveals the fact that hypertrophic, atrophic, “toxic" (Mallory type) oi 

6 Harrop, G A , Jr Polycythemia, Medicine 7 291-344, 1928 

7 (a) Uhlhorn, E Ueber Polycythamie mit Lebercirrhose, Klin Wchnschr 

11 2037-2038, 1932 (b) Weber, F P A Case of Erythremia with Jaundice, 

Hepatic Cirrhosis and Hematemesis, Lancet 1 800-801, 1933 

8 Holt's (Holt, W C Erythremia [Polycythemia Vera] A Report of a 
Case with Autopsy, Virginia M Monthly 57 472-474, 1930) case of "early cir- 
rhosis’’ was not included because of the probable relation to the cardiac failure 
and chronic passive congestion of the viscera which were present The freely 
quoted cases of Hess and Saxl 1° were excluded because of the absence of any 
clinical data to indicate that the erythrocytosis was actually polycythaemia vera 
Cases of cirrhosis secondary to thrombosis of the hepatic veins are discussed 
under that heading 

9 Turk, W Beitrage zur Kenntnis des Symptomenbildes Polycythamie 
mit Milztumor und "Zyanose,” Wien klin Wchnschr 17 153-160 and 189-193, 
1904 

10 Hess, L, and Saxl, P Ueber Hamoglobinzerstorung in der Leber, Hamo- 
globinzerstorung in der menschlichen Leber , experimentelle Hyperglobuhe, 
Deutches Arch f klin Med 104 1-lS, 1911 

11 Mosse, M Polyglobulie und Lebererkrankung, Ztschr f klin Med 79 
431-440, 1913 
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“fine” cinhosis may occui m polycythaemia vera Clinical enlargement 
of the livei and spleen is usually present and may be marked oi even 
absent A point of some importance is the notation in 2 cases of a 
recession m the size of the liver while the patient was under observation 
Ascites was present in 4 cases, with associated edema of the legs in 
1 case In 1 case (case 54) diuresis was obtained by the use of a 
mercurial diuietic (meicuiin with theophylline) Jaundice was observed 
111 7 cases The blood studies \\ere of no special relevance Secondary 
thrombosis of the hepatic veins was noted by Uhlhorn Fibrosis of the 
liver (pseudocirrhosis) oi possibly true cirrhosis with distortion of the 
lobular architecture may occui as a result of thrombosis of the hepatic 
veins and is discussed m that section 

The introduction of phenylhydrazme in the therapy of polycythaemia 
vera added another factor to be leckoned with in the etiologjf of 
cirrhosis This hemolytic and hepatotoxic drug had been employed in 
the cases reported by Levi,^^ Weber and Cole,^® but there is no definite 
evidence that it was responsible for the production of cirrhosis Never- 
theless, this drug has been shown experimentally to produce hepatic 
changes of a ciirhotic nature Levi stated the opinion that repeated 
courses of this chemical agent may lesult m cirrhosis m a case in which 
the hvei has already been damaged by the noxious effects of poly- 
cythemia pel se The accuracy of this belief can be tested only in the 
course of time, duiing which data on additional cases, with and without 
phenylhydrazme therapy, can be accumulated 

THROMBOSIS OF THE PORTAL VEIN IN POLYCYTHAEMIA VERA 

Polycythaemia vera is associated with thiombosis of the portal vein 
somewhat more frequently than it is with hepatic cirrhosis Reports of 
only 13 accepted cases could be found in the liteiature (table 3) 
Lommel was the first to draw attention to the relation between thiom- 
bosis of the portal vein and polycythaemia vera He concluded that 
chronic portal stasis could eA^entuate not only in splenic enlargement 

12 Levi, E Ueber die Ursache der Lebercirrhose bei Polycythamie Leber- 
schadigung durch Phenylhydrazintherapie, Ztschr f khn Med 100 777-784, 1924 

13 Cole, N B Comments on a Case of Polycythemia Rubra Vera with 
Autopsy, M Chn North America 16 1255-1265, 1933 

14 Excluded because of lack of hematologic studies was Emmerich’s case 
of cavernous transformation of the portal vein with ascites, splenomegaly and 
active hyperplastic bone marrow The picture of the bone marrow was suggestive 
of polycythaemia vera Cases 3 and 4 reported by Ludecke were also excluded 
because of insufficient evidence for the existence of polycythaemia vera Two 
cases reported by Lubarsch and cited by Ludecke should be mentioned as a matter 
of record 

15 Lommel, E Ueber PolyC 3 'thamie mit Milztumor, Deutsches Arch f kliii 
Med 87 315-339, 1906 




938 


ARCHIJ'ES OF INTERNAL MEDICINE 


but m polycythemia as well Emmerich/® Reckzeh and Monio and 
Teacher^® stated the same opinion Subsequently Kratzeisen intro- 
duced the leverse concept, namely, that thrombosis of the portal vein 
1 epresents a complication of preexisting, often unrecognized poly- 
i}thaemm veia Gruber,^® Brandberg,®^ Cole,^® Harrop ® and others also 
liave subscribed to this point of view There is little doubt that this is 
the actual sequence of events, when one considers the relatively high 
incidence of vascular occlusion in polycythaemia vera This depends 
on a heightened tendency to thrombosis (thrombophilia^^) based on sev- 
eral physiopathologic factors — increased blood volume, decreased veloc- 
ity of blood flow,^® increased viscosity of the blood, thromboc}dhemia 
and hypercalcemia Thrombosis may be further favored by piemature 
development of vascular sclerosis induced by excessive wear and teai 
by fluid of increased viscosity (Oppenheimer or by a disturbed 
intimal blood supply (Norman and Allen ®) 

Analysis of available reports of 14 cases shows that the liver was 
not enlarged clinically in at least 8 Of 2 patients with marked hepatic 
enlargement present clinically, 1 revealed a liver of normal size at 
necropsy (Chauflard and Troisier®®), while the other showed associated 
thrombosis of the hepatic veins (case 60) The liver was leported to be 

16 Emmerich, E Die kavernose Umwandlung cler Pfortader, Frankfurt 
Ztschr f Path 10 362-374, 1912 

17 Reckzeh, cited by Weber 

18 Monro, T K, and Teacher, J H Three Cases of Polycythemia, Lancet 
1 1015-1018, 1913 

19 Kratzeisen, E Polycythamie und Pfortaderthrombose, Virchows Arch 
f path Anat 244 467-492, 1923 

20 Gruber, G B Polyzythamie und Pfortaderthrombose, Centralbl f allg 
Path u path Anat 33 205-206, 1922-1923 Kratzeisen reported the same case 

21 Brandberg, R Ueber das Verhaltnis zwischen Polycythamie und Porta- 
thrombose, Acta path et microbiol Scandinav 3 521-533, 1926 

22 Ludecke, H Thrombophilie und Polycythamie, Virchows Arch f path 
Anat 293 218-252, 1934 

23 Blumgart, H L , Gargill, S L, and Gilligan, D R Studies on the 
Velocity of Blood Flow XV The Velocity of Blood Flow and Other Aspects 
of the Circulation in Patients with “Primary” and Secondary Anemia and in Two 
Patients with Polycythemia Vera, J Clin Investigation 9 679-692, 1931 

24 Brown, G E , and Roth, G M The Reduction of Hypercalcemia in Cases 
of Polycythemia Vera Treated by Phenylhydrazine, T Clin Investigation 6 159- 
169, 1928 

25 (a) Oppenheimer, B S Vascular Occlusion in Polycythemia Vera, 

Tr A Am Physicians 44 338-344, 1929 (b) Baehr, G, and Klemperer, P 

Thrombosis of the Portal and of the Hepatic Veins, M Clin North America 14 
391-410, 1930 

26 Chauffard, A , and Troisier, J firythremie avec syndrome d’obstruction 
portale. Bull et mem Soc med d hop de Pans 35 610-622, 1913 , firythremie 
avec ascite, phlebite de la splenique et thrombose gastro-epiploique, Presse med 
21 653-655, 1913 



SOHVAL—POLYCYTHAEMIA VERA 


939 


“somewhat large” at neciopsy m 3 cases Ascites and edema of the 
legs w^eie present m 4 cases (in 2 of these there was associated throm- 
bosis of the hepatic veins) A diuretic response to satyrgan w^as obtained 
in 1 instance Icterus w^as noted in 3 cases and was concurrent with 
ascites each time The hematologic studies revealed the usual findings 

The pathologic details are of special interest The thrombotic process 
w^as usually old and occasionally of many years’ duration However, in 
3 instances the thrombus of the portal vein was fresh, the patients 
reported on by Horder and Jacobi presented the clinical appearance 
of sudden acute ileus or peritonitis, while m Sauer’s patient, acute 
thrombosis of the portal vein followed splenectomy The majority of 
the patients succumbed with intestinal gangrene as a result of acute 
thrombosis of the mesenteric veins In 5 instances the portal fissure or 
hepatoduodenal ligament w^as markedly thickened and so tremendously 
vascularized as to resemble cavernous tissue This compensator}^ and 
collateral circulation was probably a factor in the prevention of ascites 
in each of these 5 cases Large, dilated veins were present over the 
abdomen in 2 cases In 2 instances organized thrombi were also found 
m the hepatic veins In 1 of these cases there was associated secondary 
hepatic cirrhosis (Cole^^) 

According to Rolleston and McNee,^^ hepatic cirrhosis is the most 
common cause of thrombosis of the portal vein The latter as a primary 
lesion does not produce much hepatic damage It is common to see some 
atrophy of the hepatic cells and replacement with fibrous tissue This 
IS not to be regarded as cirrhosis, m fact, there is little evidence that 
cnrhosis can arise in this manner 

Ascites occurs m about two thirds of all types of thrombosis of the 
portal vein It is most likely to be absent in acute fulminating dis- 
orders or m cases of profuse diarrhea or gastrointestinal hemorrhage 
A nonocclusive or recanahzed thrombus or the presence of an extensive 
collateral circulation will hkewnse tend to prevent ascites The low^ 
incidence of ascites in the cases of polycythemia may be related to a 
greater tendency toward the development of anastomotic circulation 

27 Seggel, K -A Ueber besondere Verlaufsformen der Pol 3 ^C 3 i:harrne vera, 
Ztschr f khn Med 132 466-477, 1937 

28 Horder, T Remarks upon Vaquez’ Disease with Special Reference to 
Complications and with Notes of Seven Cases, St Barth Hosp Rep 59-153-167, 
1926 

29 Jacobi, A Poh C 3 "thamie und Mesenterialvenenthrombose , ihre Bezieh- 
ungen zu Unfallverletzungen, ;Mitt a d Grenzgeb d IMed u Chir 41 555-561, 
1929 

30 Sauer, H Milzexstirpation bei Polyzvthamia rubra (Morbus Vaquez), 
Deutsche med Wchnschr 50 1641-1643, 1924 

31 A complete discussion of this lesion has been gwen by Klemperer 

32 Rolleston, H D , and McNee, J W Diseases of the Liv'er, Gall-Bladder 
and Bile-Ducts, New York, The Macmillan Compan 3 , 1929 
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(cavernous transformation of the hepatoduodenal ligament, caput 
medusae), possibly based on the altered hemodynamics present m poly- 
C 3 ^haemia vera Ascites was mentioned m only 6 of 23 leports of cases 
of cavernous transformation of the portal vein collected by Klemperer 

THROMBOSIS OF THE HEPATIC VEINS IN POLYCYTHAEMIA VERA 

The hepatic veins appeal to be one of the rarest and most impoitant 
sites of venous thrombosis m polycythaemia veia A careful search of 
the literature revealed reports of only 6 cases The first authentic 
instance was reported by Oppenheimer in 1929 Analysis of 7 availa- 
ble reports of cases (table 4) discloses clinical or postmortem enlarge- 
ment of the liver in all but 1 This instance was one m which the 
thrombosis was secondary to pieexistmg atiophic hepatic cirrhosis In 
another case of thrombosis of the hepatic veins associated with early 
(secondary) cirrhosis, the hvei diminished m size while the patient was 
under observation (Cole^®) The spleen was mvaiiably enlarged 
Ascites was present m all instances and accumulated rapidly m at 
least 3 In 2 cases diuietics weie employed unsuccessfully Edema of 
the lowei extremities was noted in 5 cases Jaundice occurred in 6 
cases and was usuall)'' terminal The blood counts were without special 
interest Hydrothorax was present in 2 cases (the case reported by 
McAlpin and Smith and case 60) The duiation of life after the onset 
of ascites did not exceed six months 

Of special interest m case 60 were the plasma cholesterol values 
Shortly aftei admission to the hospital the patient became profoundly 
weak and drowsy At this time the plasma cholesterol value had fallen 
from 125 mg per bundled cubic centimeters, with only a trace of ester, 
to the extiemely low value of 62 mg, Avith no estei fraction Accom- 
panying this Avas a drop m the blood sugai value to 50 mg per hundred 
cubic centimeters, indicating seA'^ere hepatic injury and a marked impaii- 
ment of hepatic function As the patient’s condition improA'^ed, theie 
was a corresponding rise in the plasma cholesteiol A'^alue to 140 mg and 
finally to 185 mg, with 50 mg of cholesteiol ester This piesumably 

33 Klemperer, P Cavernomatous Transformation of the Portal Vein Its 
Relation to Banti’s Disease, Arch Path 6 353-377 (Sept ) 1928 

34 In 1880 Schuppel (Schuppel, O Die Krankheiten der Venae hepaticae, in 
Amn Ziemssen, H Handbuch der speciellen Pathologic und Therapie, Leipzig, 
F C W Vogel, 1880, p 323) reported a case of thrombosis of the hepatic veins 
and suggested that increased coagulability of the blood might have been the 
etiologic factor This was some years before Vaquez described the disease, and 
no hematologic studies are available Ludecke-- described 2 cases (cases 3 and 4) 
of thrombosis of the hepatic veins, but these are not included, because of insuffi- 
cient evidence for the existence of polycythaemia vera 

35 McAlpin, K R , and Smith K E Polycythemia Vera Report of Four- 
teen Cases Treated with Acetylphenylhydrazine, New York State J Med 38 
101-108, 1938 
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was conditioned by regeneration of the hepatic parenchyma and 
recanalization of the thrombosed hepatic and portal veins The imme- 
diate prognostic significance of repeated plasma cholesterol and choles- 
terol ester determinations is well known and was clearly brought out 
111 this case 

The thrombi in the hepatic veins weie invariably old and occlusive 
In 3 cases recanalization was noted Origin by extension from a mural 
thrombus in the hepatic portion of the infenoi vena cava was claimed 
m 1 case Antecedent atrophic cirrhosis was present in 1 case and 
secondary “early cirrhosis” m another The portal vein was thrombosed 
in 2 instances 

Because of the rarity of occlusion of the hepatic veins, its clinical 
picture is not well lecognized Cliiaii^^ fiist drew attention to this 
lesion, and Hess later collected reports of 24 cases m which chi onic 
endophlebitis was the most common cause Rolleston and McNee 
expressed the view that thrombosis of the hepatic veins is most fie- 
quently due to some othei hepatic lesion 

When thrombosis of the hepatic veins occuis and is not secondary 
to hepatic disease, the resultant hepatic lesions comprise marked enlaige- 
ment, with acute passive congestion and central hemorrhage, atrophy and 
necrosis If the patient survives a sufficient length of time, the enlarged 
liver may develop a nutmeg appearance, with areas of atrophy, neci osis 
and regeneration Subsequently, the liver is likely to shi ink and become 
granular or nodular, owing to leplacement of connective tissue and 
parenchymal hyperplasia Thus, pseudocirihosis (with preservation of 
the normal lobular architecture) may occui as a secondary lesion 
Whether or not true cirrhosis with a completely distorted architecture 
can result from thrombosis of the hepatic veins is not clear from the few 
cases reported in the literature 

When thrombosis of the hepatic veins supervenes during the course 
of established cirrhosis, there may be little oi no enlargement of the 
liver, depending on the previous size of this fibrotic nonexpansile oigan 

Stasis in the portal vein may be so marked as to induce thrombosis 
here, too Ascites is an almost constant finding and characteristically 

36 Epstein, E Z , and Greenspan, E B Qinical Significance of the Cho- 
lesterol Partition of the Blood Plasma in Hepatic and in Biliafy Diseases, Arch 
Int Med 58 860-890 (Nov ) 1936 

37 Chian Ueber die selbstandige Endophlebitis obliterans der Hauptstamme 
der Venae hepaticae als Todesursache, Beitr z path Anat u z allg Path 26 
1-18, 1899 

38 Hess, A F Fatal Obliterating Endophlebitis of the Hepatic Veins, Am 
J M Sc 130 986-1001, 1905 

39 In acute experiments on dogs, Brandes (Brandes, W W The Effect of 
Mechamcal Constriction of the Hepatic Veins with Special Reference to the 
Coagulation of Blood, Arch Int Med 44 676-692 [Nov ] 1929) showed that 
mechanical constriction of the hepatic veins caused a rise in pressure in the 
portal vein to about twice the original value 
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develops lapidly, as does the hepatic enlaigemeiit Caput medusae, or 
dilatation of the veins on the abdominal wall, is frequently present m 
cases of prolonged involvement Edema and anasaica are late mani- 
festations Icterus, commonly terminal m the cases of polycythemia, 
is uncommon in the other types The couise larely exceeds six months, 
and the outcome is always fatal 

The differential diagnosis from cirrhosis of the hvei and thrombosis 
of the portal vein is difficult Prognostically the differentiation is impor- 
tant, as the outlook m thrombosis of the hepatic veins is giaver than that 
m the conditions which simulate it 

COMMENT 

While hepatic enlargement is common m polycythaemia veia, the 
piesence of marked enlargement frequently signifies an impoitant com- 
plication Phenylhydrazine jaundice, leukemic transformation and myo- 
cardial decompensation aie not uncommon causes of considerable hepatic 
enlargement and are readily detectable Cirrhosis of the liver and 
thrombosis of the hepatic and poital veins remain to explain a small 
number of cases, and the condition is usually diagnosed at necropsy 
However, a study of the available repoits of cases yields certain data 
which may prove useful m clinical diagnosis and therefore m prognosis 
The latter is gi avest when thrombosis of the hepatic veins is present 

Enlargement of the liver is practically constant (and typically rapid) 
ill thrombosis of the hepatic veins, frequent in cirrhosis and uncommon 
111 thrombosis of the portal vein (table 5) Recession m the size of the 
liver while the patient is under observation signifies either a spontaneous 
phenomenon, occurring m the natuial course of uncomplicated poly- 
cythaemia vera, oi progression of a cirrhotic process m the liver In the 
piesence of ascites of noncardiac origin it stiongly suggests cirrhosis 

Ascites is also constant (and likely to be of rapid development) in 
thiombosis of the hepatic veins, frequent m cirrhosis and uncommon 
in thrombosis of the portal vein The development of an extensive 
collateral circulation m the hepatoduodenal ligament was evidently suffi- 
cient m at least 5 cases of polycythemia with old thrombosis of the portal 
vein to prevent the foimation of ascites Mercurial diuretics appeal 
to be ineffective m ascites due to thrombosis of the hepatic veins, while 
they seem to be successful when cirrhosis or thrombosis of the portal 
vein IS present 

40 That ascites of noncardiac origin may occur in polycythaemia vera without 
cirrhosis or thrombosis of the hepatic or portal veins is evidenced by the case 
reported by Boyd (Boyd, W The Relationship of Polycjdhemia to Duodenal 
Ulcer, Am J Af Sc 187 589-594, 1934) No cause for the ascites and icterus 
could be demonstrated at autopsy SeggeUT attributed the cause of ascites and 
icterus in such a case to circulatory disturbances in the liver 
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Jaundice is common (and usually terminal) m thrombosis of the 
hepatic veins, fiequently present during the course of ciirhosis and rare 
m thrombosis of the portal vein except m the presence of ascites Detei - 
minations of the urobilin content of the urine are not helpful m making 
a differentiation, as excess amounts may occur in uncomplicated poly- 
cythaemia vera,"*^ cirrhosis and thiombosis of the hepatic veins 
The plasma cholesterol partition was particularly stiikmg in 1 case 
(case 60), indicating the profound degree of hepatic damage that might 
be expected in thrombosis of the hepatic veins 

Thus it IS evident that simple, old thrombosis of the poital vein is 
often a relatively benign complication of polycythaemia veia, although 
it carnes with it the threat of ultimate mesenteric thrombosis and intes- 
tinal gangrene The condition may last for many years and pioduce 


Table 5 — Incidence of Hepatic Enlai gemcnt. Ascites and Jaundice in Poly- 
cytliaeinia Veicc Complicated by Thiombosis of Poital Vein, Thiombosis 
of Hepatic Veins and Hepatic Ciiihosis 



Thrombosis of 

Hepatic 

Thrombosis of 


Portal Venn 

Cirrhosis 

Hepatic Veins 


(14 Oases) 

(10 Cases) 

(7 Cases) 

Hepatic eniargement 

5 casesi^ 

7 cases 

6 cases= 

Decrease under obsen ation 

1 case^ 

2 cases 

1 case® 

Ascites 

4 cases^ 

4 cases 

7 cases 

Effectiveness of mercurnl diuretics 

■f 

+ 

0 

Jaundice 

3 cases 

7 cases 

C eases 


1 Thrombosis of hepatic veins present in 2 of these cases In another case the liver 
was of normal size at autopsy 

2 Atrophic cirrhosis was present in the 1 case in which hepatic enlargement vas lacking 

3 Early cirrhosis (secondary to thrombosis of the hepatic veins) was present m this case 

4 Thrombosis of the hepatic veins was present m 2 of these cases 

few, if any, clinical manifestations On the other hand, when a patient 
with polycythaemia vera presents an enlarged liver and ascites of non- 
cardiac origin, the diagnosis is, in all probability, complicating hepatic 
cirrhosis oi thrombosis of the hepatic veins or both lather than throm- 
bosis of the portal vein On the basis of statistical fiequency, ciirhosis 
IS the more likely diagnosis, especially if the ascites has accumulated 
slowly and has responded to mercurial diuietics and if the livei is 
observed to decrease gradually in size However, thrombosis of the 
hepatic veins is an almost ceitain diagnosis in the piesence of sudden 
enlargement of the liver, rapid accumulation of ascites, lesistance of the 
ascites to mercurial diuretics, terminal jaundice and a markedl)'- 
abnormal plasma cholesterol partition 

SUMMARY 

A case of polycythaemia vera is reported in which the appeal ance 
of sudden hepatic enlargement, rapid development of ascites and jaundice 
V ere found to be due to thrombosis of the hepatic veins 

41 Weber, F P Polycythemia, Erythrocytosis and Erythremia (Vaquez- 
Osler Syndrome), London, H K Lewis & Co, 1921 
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The incidence and significance of enlargement of the liver in 60 cases 
of polycythaemia vera are discussed In half the cases hepatic enlarge- 
ment was moderate or maiked Marked enlargement of the liver often 
signifies the presence of a complication, such as phenylhydrazine jaun- 
dice, leukemic transformation, myocardial decompensation, hepatic 
cii rhosis or thrombosis of the hepatic veins 

In order to facilitate the clinical diagnosis m cases of polycythaemia 
vera associated with hepatic enlargement, ascites and jaundice, the litera- 
ture was searched for instances of hepatic cirrhosis and thrombosis of 
the hepatic and portal veins complicating this disease Study of the 
collected reports of cases discloses such points of diagnostic usefulness 
as sudden enlargement of the liver, rapid accumulation of ascites, resis- 
tance of ascites to mercurial diuretics, frequent terminal jaundice and a 
markedly abnoimal plasma cholesterol partition m thrombosis of the 
hepatic veins, occasional decrease in the size of the enlarged liver and 
the effectiveness of diuretic measures in the ascites of cirrhosis, and the 
infrequency of ascites, hepatic enlargment and jaundice m thrombosis 
of the portal vein 

Dr B S Oppenheimer gave me permission lo include the data for a large 
number of patients from his service 

940 Park Avenue 



BLOOD “GUANIDINE” IN ARTERIAL HYPERTENSION 

A REVIEW OF EIGHT HUNDRED CASES 

RALPH H MAJOR, MD 

KANSAS CITY, KAN 

Since the initial publication in 1927 by Webei and myself,’- desciibing 
an increase in the “guanidine” content of the blood of certain patients 
with arterial hypei tension, a fairly extensive bteiature has giown up 
on this subject In oui first publication ^ we submitted data on 21 patients 
with hypertension, pointing out at that time that 7 of these patients, 
with an increase in the “guanidine” content of the blood, showed nitio- 
gen retention, that 11 patients showed no nitrogen letention and that 
3 patients showed no mciease in the “guanidine” content In a further 
leport published in the same year ^ readings weie presented for 35 
patients who showed no nitrogen letention and foi 5 patients who 
showed nitrogen retention Twelve patients with arteiial hypertension 
showed no increase in the “guanidine” content of the blood One patient 
with arterial hypertension and nitiogen retention showed no mciease 
in the “guanidine” content 

These lesults have been confirmed by some and questioned by otheis 
Pfiffner and Myers ® found that the “guanidine” content was elevated 
in certain cases of hypei tension De Wesselow and Giiffiths'^ found 
an increase in ten of twenty-three estimations On the other hand, 
Turries and Robert ® stated that the “guanidine” estimations have been 
of no value from either diagnostic oi prognostic standpoints, although 
the)’’ piesented no recoids of estimations Kleeberg and Schlapp® found 

From the Department of Internal Medicine, University of Kansas School of 
Medicine 

1 Major, R H, and Weber, C J The Probable Presence of Increased 
Amounts of Guanidine in the Blood of Patients with Arterial Hypertension, Bull 
Johns Hopkins Hosp 40 85 (Feb ) 1927 

2 Major, R H , and Weber, C J The Possible Increase of Guanidine in 
the Blood of Certain Persons with Hypertension, Arch Int Med 40 891 (Dec ) 
1927 

3 Pfiffner, J J , and Myers, V C On the Colorimetric Estimation of 
Guanidine Bases in Blood, J Biol Chem 87 345 (June) 1930 

4 De Wesselow, O L V, and Griffiths, W J The Blood Guanidine in 
Hypertension, Brit J Exper Path 13 428 (Oct ) 1932 

5 Turries, J , and Robert, S Recherches clmiques sur la guanidine du sang 
(en dehors de la tetanic), Presse med 38*85 (Jan 18) 1930 

6 Kleeberg, J, and Schlapp, W Ueber die Auffindung von uraemieerzeug- 
enden Stoffen, Ztschr f physiol Chem 188 81, 1930 
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an increase in the “guanidine” content in certain patients with arterial 
hypei tension, while others showed no such increase The)' found, as 
we did, that the high “guanidine” values were obtained foi patients 
with nitrogen retention Bohn and Schlapp " concluded “In pale 
hypertension an increase in the guanidine values of the blood w^as 
found in the overwhelming majority of the cases studied In red hypei - 
tension the guanidine values fall in the noimal limits” Weiss® stated 
that Jackson, m a personal communication, had informed him that he 
had been unable to establish any correlation betw^een hypertension and 
the “guanidine” content of the blood 

We have recently completed a chemical stud) of the blood of 800 
patients with arterial hypertension observed during the past ten years 
The method employed for the estimation of the “guanidine” content 
was the original “method of Major and Weber,” which was described 
in 1927, and the determinations were all made by 3 persons who were 
familiar with the procedure We have found from experience that most 
beginners obtain results that are too high, and it is only after a certain 
amount of experience has been gamed that the deteiminations become 
reliable 

In studying these patients we have placed them in groups based 
on the content of nonprotein mtiogen in the blood Determinations 
of creatine, creatinine and uiic acid w^eie also made simultaneously, but 
the nonpiotein nitrogen values were employed as the best indication ot 
nitrogen retention The accompanying table summarizes the results 
In our experience with our own method the normal “guanidine” 
value does not exceed 0 2 mg, and m the great majority of persons 
It varies between 0 1 and 015 mg Patients showing a “guanidine” 
content above 0 2 mg have been classed as having an increased content 
From a survey of the accompanying table it is seen that of 625 
patients having hypei tension and a nonprotein mtiogen content of 40 mg 
or less, 200 showed an increased content of “guanidine” while 425 
showed no increase As the values for nonprotem nitrogen rose, the 
percentage showing an increase in the “guanidine” content also rose 
Summarizing these results, 43 per cent of the entire series showed an 
increase in the “guanidine” content of the blood, while 32 per cent of 
those whose blood had a nonprotein nitrogen content not exceeding 40 
mg per hundred cubic centimeters showed an increase 

Further investigation of the color leaction has increased our suspicion 
that we are actually dealing wuth a guanidine derivative Until it is, 

7 Bohn, H , and Schlapp, W Der Guamdingehalt des Blutes beim blassen 
und roten Hochdruck, Zentralbl f inn Med 53:571, 1932 

8 Weiss, S The Etiology of Arterial Hypertension, Ann Int Med 8*296 
(Sept) 1934 
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however, definitely identified, we shall continue to use the term guanidine 
in quotation marks 

The fact that some of the guanidine compounds are strongly pressor 
has excited much interest in connection with the thought that guanidine 
may be concerned in the mechanism of hypertension However, m 1929, 
it was pointed out that while guanidine and methylguanidine aie active 
pressor compounds, ceitain other guanidine compounds are depressor 
and still others are inert as far as their effect on the blood pressure is 
concerned ° The compound which we have been studying, as we have 


Snmmaiy of Results 


Nonprotein Nitrogen 

No of Cases 

Increase 

No Increase 

Mg per 100 Cc 

in “Guanidine” 

m “GuanWine’ 


Content 

Content 

40 or under 

200 

425 

41-45 

18 

13 

46-50 

14 

2 

51-55 

13 

7 

56-60 

4 

3 

61-65 

2 

1 

66-70 

7 

2 

71-75 

4 

2 

76-80 

9 

2 

8185 

6 

1 

86-90 

8 

1 

91-95 

5 

0 

96-100 

6 

0 

100 

45 

0 


341 

459 


mentioned on pievious occasions, may prove to be a depressor or an 
inert substance when it is finally identified and its pharmacologic 
properties are studied It is of some interest to note that the percentage 
of increased “guanidine” values for the hypertensive patients in this 
series of 800 patients is approximately the same as that obtained a 
number of years ago for a smaller group 

Our investigation of the blood in hypertension over a period of ten 
years has convinced us that our first statement made on this subject, 
in 1927, IS still valid that “the blood of certain patients suffering 
from arterial hypertension contains something which is present in 
greater amounts than in normal blood ” 

9 Major, R H Observations on the Effects of Certain Guanidine Compounds 
upon the Blood Pressure, Tr A Am Physicians 44 332, 1929 





CLINICAL ASPECTS OF ANEURYSM 


JOHN H MILLS, MD 
Fellow in Medicine, the Mayo Foundation 

AND 

BAYARD T HORTON, MD 

ROCHESTER, MINN 

Aneuiysms have been lecogiiized and tieated since the time of 
Galen, in the second century The ai tides that were written on this 
subject before 1800 weie collected by Erichsen ^ for the Sydenham 
Society Klotz,“ in 1926, reviewed the general subject of aneurysm 
completely, and Feainsides^ reviewed the history of intracranial aneu- 
rysm thoroughly Those who are interested in the eaily history of this 
subject should consult these souices 

MATERIAL 

The material for the present study included all the cases in which a diagnosis 
of aneurysm was seriously considered at the Mayo Clinic in the years 1925 to 
1935, inclusive, except those m which there was an arteriovenous aneurysm or 
an aneurysm of the chambers of the heart 

In this series of 596 cases the aneurysms have been divided roughly into five 
anatomic groups (fig 1) intracranial aneurysms, mtrathoracic aneurysms (includ- 
ing those of mtrathoracic vessels other than the aorta) , intra-abdominal aneurysms 
(including those of intra-abdommal vessels other than the aorta), aneurysms of 
the extremities and a group of miscellaneous aneurysms In the great majority 
of cases ample opportunity for complete clinical and laboratory studies was at 
hand to facilitate the diagnosis The diagnosis with respect to 40, or 28 per 
cent, of the 143 intracranial aneurysms , 50, or 14 7 per cent, of the 339 thoracic 
aneurysms , 65, or 81 3 per cent, of the 80 intra-abdommal aneurysms , 8, or 38 
per cent, of the 21 aneurysms of the extremities, and 9, or 69 2 per cent, of the 
13 miscellaneous aneurysms, was verified by operation or necropsy For a total of 
172, or 28 9 per cent, of the 596 cases of aneurysm in this series, the diagnosis 
was verified by operation or necropsy 

The incidence of syphilis in this series of cases is shown in figure 2 Only 
6 of the patients were Negroes, but all 6 of them had syphilis Five of them had 
a thoracic aneurj^sm, and the sixth one had an abdominal aneurysm 

From the Division of Medicine, the Mayo Clinic 

1 Enchsen, J N Observations on Aneurysm, London, The Sydenham 
Society, 1844 

2 Klotz, O Concerning Aneurj^sms, Toronto, University of Toronto Press, 

1926 

3 Fearnsides, E G Intracranial Aneurysms, Brain 39 224-296, 1916 
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INTRACRANIAL ANEURYSM 

111 ordei to facilitate an analysis of the cases of intracranial aneu- 
rysm, the cases have been divided into two groups Group 1 includes 
the 40 cases in which the piesence of an aneur 3 ^sm was verified at 
operation oi necropsy, and group 2 includes the 103 cases in which the 
diagnosis was based on the clinical data 

Etiology — Tuffnell,^ in 1853, drew attention to the piobability that 
embolism is the starting point of cerebral aneurysm Lebeit,° in 1866, 
expiessed the opinion that S 3 ^philis and alcohol are not definite causes 
of this lesion In 6 of the 13 cases leported by Church® the aneurysm 
was thought to be the lesult of embolism, and chaiacteristic vegetations 
weie observed on the cardiac valves 

Eppinger,’’ in 1887, fiist proposed that an mtiaciaiiial aneuiysm 
arises as the result of a congenital defect in the musculai wall of the 
aiteries Weber and Bode® suggested that the tendency of several 
congenital defects to occui in the same patient is also a factor in the 
fiequency of aneur 3 ^sni in association with coarctation of the aorta 
Stiauss, Globus and Gmsburg ® stated the opinion that arterioscleiosis 
is the most important cause of mtracianial aneur 3 ^sm 

There was a history or evidence of syphilis m 3, or 7 5 per cent, of 
the cases m gioup 1 (table 1), but a history or evidence of syphilis was 
piesent m only 2, or 19 per cent, of the cases m group 2 (table 2) 
Theiefore, evidence of syphilis was encountered in 5, or 3 5 per cent, of 
the 143 cases of intracranial aneurysm This figure closely approxi- 
mates the incidence of syphilis in the population at laige 

The systolic blood pressure was more than 150 mm of mercuiy in 
14, or 35 per cent, of the cases m group 1 A significant degree of 
ai tenosclerosis of the peripheial vessels was noted in 5, or 12 5 per 
cent, of the cases in this gioup This suggests that high blood pressure 

4 Tuffnell, cited by Homes, T Aneurism of the Internal Carotid Artery 
in the Cavernous Sinus, Tr Path Soc London 12 61-63, 1860-1861 

5 Lebert, H Ueber die Aneurysmen der Hirnartenen, Berl klin Wchnschr 
3 209-212 (May 14) , 229-231 (May 28) , 249-251 (June 11) , 281-285 (July 9) , 
336-338 (Aug 20) , 345-347 (Aug 27) , 386-390 (Oct 1) , 402-405 (Oct 15) 1866 

6 Church, W S On the Formation of Aneur 3 '^sms, and Especially Intra- 
cranial Aneurysms in Early Life, St Barth Hosp Rep 6 99-112, 1870 

7 Eppinger, H Pathogenesis (Histogenesis und Aetiologie) der Aneurysmen 
einschliesshch des Aneurysma equi vermineum. Arch f klin Chir (supp ) 35* 
1-563, 1887 

8 Weber, F P, and Bode, O B Congenital and Developmental Aneurysms, 
and Their Importance in Regard to the Occurrence of Sudden Intracranial (Espe- 
cially Subarachnoid) Haemorrhage, Internal Clin 2 1-14, 1929 

9 Strauss, I , Globus, J H, and Ginsburg, S W Spontaneous Sub- 
arachnoid Hemorrhage Its Relation to Aneurysms of Cerebral Blood Vessels, 
Arch Neurol & Psychiat 27 1080-1132 (Ma} ) 1932 
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IS of some importance m the development of an intracranial aneuiysm, 
but It may be that the elevation of the blood pressure meiely favois 
the development of aneurysmal pouchings in a vessel that has been 
abnormally weak since birth because of defects m the musculai walls 
This has been suggested by Foibus 

Table 1 — Situation of Aneuiysm, Age and Sex of Patients and Incidence of 
Syphilis in Foity Cases (Gioup 1) in Which the Diagnosis of Intia- 
oamal Aneuiysm Was Vetified 










Evidence of Sypbilis 



Se\ 


Age, 
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No of 


Pe 
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41 to 
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50 
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Circle of Willis 

8 

6 
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1 

1 

2 
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Middle cerebral artery 

10 

5 
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3 
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Antenor cerebral artery 

5 

3 

2 

1 

1 

1 

2 

1 

4 


Posterior cerebral artery 

2 

1 
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1 
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Internal carotid artery 

8 

5 

3 
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7 

1 

Basilar artery 

3 

2 
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1 

1 
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Vertebral artery 

3 

2 

1 




3 

1 

2 


Not specified 

1 

1 





1 


1 


Total 

40 

25 

15 

3 

6 

10 

21 

3 

30 

1 

Percentage 


62 5 

37 5 

75 

15 

25 

52 5 

75 

90 

25 


Table 2 — Site of Aneui ysm, Age and Sex of Patients and Incidence of Syphilis 
in One Huiidicd and Three Cases (Gioup 2) in Which the Diagnosis of 
Inti aci anial Aneuiysm Was Based on the Histoiy and Clinical Data 



Sev Age, Tears 
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2 
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1 
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33 
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2 

2 

5 

13 

11 

2 

31 

Total 

103 

53 50 

11 

11 

20 

25 

36 

2 

101 

Percentage 


51 5 48 5 

10 7 

10 7 

19 4 

24 3 

34 9 

1 9 

981 


Trauma was considered a possible etiologic factoi m only 4 of the 
143 cases of intracranial aneurysm In 1 of the 4 cases the piesence 
of the aneurysm was verified In 1 case m which the diagnosis was 
verified the aneurysm was the result of trauma which occuiied m the 
course of an operation for severe mastoiditis 

10 Forbus, W D Ueber den Ursprung gewisser Aneurysmen der basalen 
Hirnartenen, Centralbl f allg Path u path Anat 44 243-245 (Jan 20) 1929 
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It IS extremely inteiesting that m this series of cases theie was no 
evidence of bacterial endocai ditis, which was an etiologic agent in such 
a high percentage of the cases repoited by earlier authois^^ Bacterial 
endocarditis occurs lather commonly among the patients seen at the 
clinic, appi oximately 200 cases were noted in the peiiod m which these 
cases of aneuiysm weie noted However, only a small percentage of 
the patients who had endocarditis remained at the clinic after the 
diagnosis was established, and although some of them may have died 
of rupture of a mycotic aneuiysm, it is not possible to include them in 
this series 

Although authois do not agree on the lelative incidence of intia- 
cianial aneuiysm m the two sexes, this type of aneuiysm appears to 
occur slightly moie often in males Inti acranial aneuiysm occuis at 
all ages It is lelatively nioie frequent m young peisons than aie 
aneuiysms that are situated in other parts of the body 

Incidence — Feainsides^ encounteied 51 intiacianial aneurysms, 
191 aneurysms of the aoita, 43 aneuiysms of other large aiteiies and 44 
aneurysms of small aiteries other than cerebral vessels m 5,432 cases 
in which neciopsy was peifoimed 

Situation — The peculiar predilection of intraciamal aneurysm to 
involve the vessels at the base of the brain, within a shoit distance of 
the point at which they enter the ciamal cavity oi at the points of 
bifui cation, is a featuie of such constancy as to be of important diag- 
nostic significance 

Most authois say that the middle ceiebial aitery is the vessel that 
IS most commonly involved and that the basilar aitery is involved next 
in ordei of fiequency Theie is doubtless a relation between the fre- 
quency of aneuiysm of the middle cerebral artery and the fact that this 
vessel and its branches are most prone to hemorrhage (Wechslei ^“) 
The site of the aneuiysms in this senes of cases is shown in tables 1 
and 2 

Symptoms — In this senes of cases the situation of the pain m the 
head did not seem to be of much value in localizing the site of the 
aneuiysm This is contrary to the opinion of Goweis’^^ and that of 
Feainsides,^ as these authors expressed the opinion that occipital pain 
IS the pi edominating s}mptom in cases of aneuiysm of the basilar 
ai tery 

11 TuffnelH Eppinger " 

12 Wechsler, IS A Textbook of Clinical Neurolog\, ed 3, Philadelphia, 
W B Saunders Compan}', 1931 

13 Gowers, W R Intracranial Aneurism, in A Manual of Diseases of the 
Nervous System, Philadelphia, P Blakiston, Son & Co , 1888 pp 907-917 
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Pam m the back and legs is significant when it occurs with othei 
signs or symptoms of mtiacianial hemorihage, as it is an indication 
of irritation of the posterioi roots of the spinal nerves by free blood m 
the spinal canal Fearnsides said that stiffness of the neck is of definite 
localizing value, as it is an indication of hemorihage from one of the 
posterioi gioup of vessels In the present senes this symptom did not 
occur in any case in which the presence of an aneurysm of one of the 
posterior group of vessels was suspected oi verified In this senes, 
attacks of grand mal occurred more often m cases m which the aneu- 
rysm involved the anterior vessels than they did in cases m which the 
posterior group of vessels was involved The frequency with which this 
symptom occurred is of interest in view of the fact that it was thought 
to occur most often in cases m which an embolic aneurysm was situated 
near the cortical or subcortical aiea This senes did not include any 
case of mycotic aneurysm One or more attacks of unconsciousness 
were second only to pain as the most frequent symptom 

The duration of symptoms of intracranial aneuiysm vaiied fiom a 
few hours to thirty-five yeais, the aveiage duration being twenty-six 
months 

Repeated seizures, which aie caused by mteimittent leakage fiom 
the aneurysm, have always been an impoitant diagnostic point m cases 
of inti acranial aneurysm Such attacks occuried in 7, oi 17 5 pei cent, 
of the cases in group 1 and in 29, or 28 2 pei cent, of the cases in 
gioup 2 In the lattei group of cases these attacks often weie the 
deciding factor m establishing the diagnosis 

In the cases m group 1, signs of pyramidal involvement weie moie 
frequently associated with aneurysm of the anterioi gioup of intra- 
cianial vessels than they weie with aneuiysm of the posterioi gioup 
of vessels Peripheral sensory disturbances were present in 20 pei 
cent of the cases in this group Nystagmus occuried moie frequently 
in association with aneurysm of the posteiior group of vessels than it 
did in association with aneuiysm of the anteiioi gioup Paikei 
expressed the opinion that distui bailees of speech are symptoms pecuhai 
to aneurysm of the posterioi gioup of intracranial vessels Howevei, 
in this series, disturbances of speech occurred not only in cases in 
which the posterior group of vessels was involved but also in 3 cases 
m which the anterioi group was involved Biuit, although admittedly 
a raie symptom of intracranial aneurysm, occuired in 2 cases m gioup 1 
and in 1 case m group 2 When paralysis of the cranial nei ves occurred 
in group 1, the oculomotoi nerve was involved most fiequently This 
has been noted in other cases reported in the literature The hypo- 
glossal nerve was involved next in fiequency, but this probabty was a 

14 Parker, H L Aneurysms of Cerebral Vessels Clinical Manifestations 
and Pathologj', Arch Neurol & Psychiat 16 728-746 (Dec ) 1926 
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chance occuiience In the cases in group 2 the oculomotor nerve was 
involved most frequently, and involvement of the facial and abducens 
nerves was next in order of frequency 

Dysphagia, anosmia and disturbances of taste each occuired in 1 
case in group 1, and deafness occurred in 2 cases m group 1 

The blood pressure was elevated m 14, or 35 per cent, of the cases 
in gi oup 1 and m 24, or 23 3 per cent, of the cases in group 2 Pei iph- 
eral arteriosclerosis was mentioned m only 5 of the cases m group 1 and 
m only 11 of the cases in group 2 While these figures aie not suf- 
ficiently conclusive, they suggest that aitenosclerosis and hyperpiesia 
play a role m the production of intracranial aneurysm 

In 8 cases m group 1 there were no objective symptoms of aneu- 
lysm In 2 of these cases the aneurysm was an incidental observation 
at neciopsy and could not have been responsible for the symptoms 

In 4 cases m group 1 there were no physical findings that suggested 
the piesence of an mtracianial aneurysm, but the past history was so 
suggestive that the diagnosis was seriously entei tamed, in spite of the 
absence of clinical findings 

Laboiatoiy and Special Findings — The presence of xanthochiomic 
01 bloody fluid within the spinal canal is of great weight m establish- 
ing the diagnosis Xanthochromic cerebrospinal fluid was found m 5 
and bloody spinal fluid m 11 of the cases m group 1 The pressure 
of the cerebrospinal fluid was increased m 2 cases The number of 
patients subjected to this diagnostic piocedure was substantially less 
than the total number of cases Bloody spinal fluid was present m 13, 
xanthochromic cerebrospinal fluid was piesent m 15 and the pressure 
of the fluid was increased in 1 of the cases m group 2 Examination 
of the cerebrospinal fluid m the mteiim between attacks cannot be 
expected to yield a high percentage of positive findings 

Choked disks occurred in 5, or 12 5 per cent , defects in the visual 
fields were mentioned in 4, oi 10 pei cent, and retinal hemorrhage and 
atiophy of the optic nerve weie each observed m 1 case in group 1 , 
while choked disks were found m 9, oi 8 7 per cent , visual defects 
uccuired in 18, or 17 5 per cent, and letinal hemorrhages occuried m 
4, or 3 9 per cent, of the cases in group 2 The defects m the visual 
fields langed from small ones to total blindness Atrophy of the optic 
nerve was observed but once in group 1 The presence of choked disks 
IS inteiesting in view of the fact that there vas manometnc evidence of 
increased pressuie m only 2 cases m group 1 and m only 1 case in 
gioup 2 This suggests that the papilledema was not the result of a 
general change m the pressuie of the cerebiospinal fluid It likely was 
a local disturbance m the optic nerve, which probably was the result of 
hemorrhage within the nerve sheath or possibly was caused by the 
pressuie of the aneurysm 
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Roentgenologic examination has been of some aid m the diagnosis 
of intracranial aneuiysm Calcification has been demonstrated in the 
walls of an aneurysm This is often misinterpreted, however, because 
of the similarity m the appearance of calcification m the walls of an 
aneurysm or within an aneurysmal sac and the calcification which often 
occurs in an intracranial cyst or tumoi Aneurysm at times produces 
unilateral erosion of the anterior or posterior clinoid processes When 
the hemorrhage is large and occurs into the substance of the biain, 
actual displacement of the ventiicles may take place, as was obseived 
in 1 of the cases m group 1 , or a shift of a calcified pineal body may 
be observed, as it was m 1 of the cases in group 2 

The ability to diagnose intracranial aneuiysm dm mg life has undei- 
gone a change in lecent years In the fiist ten editions of Osier’s 
“Textbook of Medicine,” the concluding paragraph m the section deal- 
ing with intiacianial aneurysm contained the statement that “diagnosis 
IS, as a lule, impossible” However, in tbe eleventh edition, this state- 
ment was altered to lead “The diagnosis should be made if its possi- 
bility IS consideied ” 

Mode of Teimmaiion — In cases in which an intiacianial aneurysm 
produces symptoms, the most frequent cause of death is rupture of 
the aneurysm In all the cases reported by Wichern,^® the patient died 
of lupture of the aneuiysm In the present series, rupture of the aneu- 
rysm occurred in 28 per cent of the cases In many cases the patient 
was lost from view, oi the records weie incomplete, therefore, this 
figuie IS unquestionably low 

Diffei ential Diagnosis — In the diffeiential diagnosis in the cases in 
group 1, tumor of the brain was seriously consideied m 12, or 30 pei 
cent, encephalitis was considered in 3, or 7 5 pei cent, and cerebial 
hemorrhage was consideied in 3, oi 7 5 per cent An inflammatory 
condition, its nature not being further specified, was considered in 2, or 
5 pel cent, of the cases, and tubeiculous meningitis was considered m 
2, or 5 pel cent, of the cases 

A metastatic malignant growth, thiombosis of the posterior infeiior 
cerebellar artery, angioma and syphilitic meningitis were each con- 
sideied in the differential diagnosis in 1 instance 

In the cases m group 2, tumor of the brain was considered in 31, 
01 30 1 per cent , encephalitis was considered in 9, or 8 7 per cent, and 
cerebral hemorrhage unrelated to aneurysm was considered in 11, oi 
10 7 pel cent The diagnosis of nijgraine entered into consideiation 
in the differential diagnosis m 7, oi 68 per cent, of the cases 

In 3 cases hysteria also was considered, and tuberculous and 
syphilitic meningitis each were consideied in 1 case Thrombosis 

15 Wichern, H Klinische Beitrage zur Kenntnis der Hirnaneurysmen, 
Deutsche Ztschr f Nervenh 44 220-263 (May) 1912 
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(basilai aitci 3 j, in addition to cerebral aneur}sm, was consideied in 
2 cases In 4 cases the clinical pictuie was sufficiently t}pical to cause 
the clinicians to entertain a diagnosis of intracranial aneuiysm, but 
necropsy disclosed a tumor In 1 case the appearance of the mass, as 
seen at operation, justified a diagnosis of intracranial aneurysm, but 
necropsy proved that the growth was a neoplasm In 1 case, although 
the symptoms were characteristic of intracianial aneurysm, necropsy 
revealed onl}’- evidence of an inflammatoi } lesion of undetermined nature 
at the base of the biain Metastases of an unsuspected hypernephroma 
was responsible for the symptoms m 1 case in which the diagnosis of 
iiiti acranial aneurj^sm was considered 

THORACIC ANEURYSM 

Ehology — Since the eailiest obsei vations, the relation between 
syphilis and aneurysm of the aorta has been noted, approximately 85 
pei cent of these lesions aie said to develop on the basis of S 3 'phihtic 
aortitis Most of the remaining aneui 3 ^sms of the thoiacic aoita aie 
pioduced b 3 ’’ aitenosclerosis 

In the piesent senes of cases of thoiacic aneurysm, appi oximatety 
70 per cent of the patients had S 3 ^philis In 30 per cent of the cases there 
was no histoiy of S 3 'phihs or evidence of the disease In 18 pei cent 
of the lattei group of cases, aitenosclerosis of the highei grades (3 
and 4) was piesent, but this association does not peimit the assumption 
of the etiologic role of aitenoscleiosis without anatomic confirmation 
In 1 case bacterial endocarditis w^as responsible for an aortic aneurysm 
In the 339 cases of thoracic aneur 3 fsm in this series, 272 of the 
patients w^eie males and 67 w^ere females, therefoie, the ratio of males 
to females was approximately 4 1 (table 3) This agrees rather 
closely wnth the ratio reported by other authors 

The lathei advanced age of the patients in this senes of cases ma 3 '’ 
be attnbutable to the relatively low incidence of syphilis, as compared 
wnth that repoited m othei senes of cases This seems to indicate that 
aitenosclerosis, wdneh occuis in the later years of life, piobably W'-as an 
etiologic factoi in a large numbei of cases in this senes 

Symptoms — Pain, dyspnea, cough and hoarseness were the most 
frequent symptoms in the cases of thoracic aneurysm The thoracic 
pain w^as limited to the left side in 66, or 19 5 per cent, of the cases and 
was confined to the right side in 40, or 118 per cent, of the cases Pre- 
coidial pain occuried in 36, oi 106 per cent, of the cases, and sub- 
steinal pain w^as present in 25, or 7 4 per cent, of the cases 

Thoracic pain occurred in 33 3 per cent of the cases of aneurysm of 
the ascending aoi ta, in 68 7 per cent of the cases m which the aneur 3 ’'sm 
imohed the ascending arota and aortic arch, in 48 7 per cent of the 
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cases of aneuiysm of the arch of the aorta, in 55 6 per cent of the cases 
in which the aneurysm involved the aortic arch and the descending 
aorta, in 42 2 per cent of the cases of aneurysm of the descending aorta, 
in 60 per cent of the cases m which the aneuiysm was diffuse, in 25 
per cent of the cases of aneurj^sm of the innominate arter}'-, in 13 3 per 
cent of the cases of aneurysm of the common carotid aiteiy and m 
21 7 per cent of the cases m which there were multiple aneurysms 
Pam was not present m any of the cases of aneurysm of the subclavian 
arteiy 

Eightj^-eight, 01 26 pei cent, of the patients complained of pain in 
the shoulder This pain was slightly more common m the left shoulder 
than it was m the right shoulder In 46, oi 13 6 pei cent, of the cases 

Table 3 — Site of Aneuiysm and Age and Sev of Thee Hiindied and Tlwty- 
Ntne Patients with Inti athoi acic Aneuiysm 




Sev 


Age, Tears 



No of 

— ^ 

Pc 

'll to 

21 to 

31 to 

41 to 

\ 

Site of Aneurysm 

Oases 

Males 

males 

20 

30 

40 

50 

51 “T 

Ascending aorta 

15 

15 




2 

3 

10 

Ascending aorta and aortic arch 

16 

14 

2 



4 

4 

S 

Arch of aorta 

90 

76 

14 


1 

15 

28 

46 

Aortic arch and descending noi ta 

27 

24 

3 



1 

7 

19 

Descending aorta 

45 

38 

7 

1 


3 

9 

32 

DiSuse in thoras 

15 

12 

S 



1 

5 

9 

Innominate arterj 

S 

3 

5 



1 

1 

6 

Carotid artery 

15 

5 

10 



2 

2 

11 

Subclavian artery 

13 

7 

6 



2 

3 

8 

Multiple aneurysms in upper part of 









thoras 

6 

4 

2 



1 

1 

4 

Not specified 

89 

74 

15 


2 

13 

32 

42 

Total 

339 

272 

67 

1 

3 

45 

95 

193 

Percentage 


80 2 

19 8 

03 

09 

13 3 

28 

57 5 

the pain extended to the arm 

There 

was 

pain 

in the back 

in 

36, or 

10 6 per cent, of the cases , 

and 

pain m the neck 

occurred m 

33, 

or 6 8 


per cent, of the cases 

In 28, or 8 3 per cent, of the cases data were not available as to 
the situation of the pain 

The pain produced by aneurysm was often stated to be aggravated 
by exercise, recumbency, coughing, deep breathing and changes m the 
weather The pain that is produced by exercise is often tiue angina 
pectoris that is associated with the intimal overgiowth at the oiifices 
of the coionary vessels In other instances the exacerbation of pain 
by exertion may be the lesult of an increase in the size of the aneurysmal 
sac Boyd said that next to pain d 3 ^spnea is the most frequent 
symptom of mtrathoracic aneuiysm Dyspnea occurred in 39 5 per 
cent of the 339 cases Cough occurred in 94, or 27 7 pei cent, of the 

16 Boyd, L J A Study of Four Thousand Reported Cases of Aneurysm 
of Thoracic Aorta, Am J M Sc 168 654-660 (Nov ) 1924 
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cases In 73, oi' 21 5 pei cent, of the cases a visible pulsation oi mass 
was detected by the patient Hoarseness \\ as a common sj mptoni , it 
occurred in 58, or 17 1 per cent, of the cases Heniopt 3 ’^sis was piesent 
111 25, or 7 4 per cent, of the cases, this vaiied from blood-sti eaked 
sputum to frank pulmonary hemoirhage, m which seveial ounces of 
blood vas expectorated Oithopnea was piesent in 16, or 4 7 per cent, 
of the cases , and 10, oi 2 9 pei cent, of the patients complained of edema 
Palpitation was piesent in 30, or 8 8 pei cent, of the cases, and a local 
aiea of tenderness oiei the aneurysm was present in 11, or 3 2 per cent, 
of tlie cases 

Dysphagia was present in 4, or 1 2 pei cent, and numbness of the 
aims was present in 7, oi 2 4 per cent, of the cases About 10 pei cent 
of the patients complained of extieme generalized weakness Fifty- 
thiee, 01 14 6 pei cent, of the patients did not have any s 3 nnptoms 
lefeiable to the cardiorespiratory system Cough, weakness, edema, 
palpitation and edema also are symptoms of S 3 ’’phihs of the cardiovas- 
cular system However, in the presence of syphilis and an 3 ^ of the 
important symptoms of syphilitic vascular involvement, concomitant 
aneurysm should be suspected 

Abvoi mabtws oj the Cmdiovascular Systeon — ^The heait was 
enlarged in 103, or 30 4 pei cent, of the cases of mtrathoracic aneurysm 
In a great many cases the cardiac murmurs clearly indicated the pres- 
ence of valvular defects which could account for the cardiac enlarge- 
ment In addition, the rather high incidence of arteiiosclerosis (18 per 
cent) and the relative frequency of a systolic blood pressure of more 
than 150 mm of mercury (in 96, oi 28 3 per cent, of the cases) indicate 
that this factor also can contribute to the presence of cardiac enlaige- 
ment Significant enlargement, grades 2 to 4, was piesent in only 10 
per cent of the cases 

Eighty-one patients, or 23 9 per cent, were sufiEering from various 
degrees of aiteriosclerosis, grades 1 to 4, 19, or 5 6 per cent, had rather 
severe aitenoscleiotic involvement (giade 3 or 4) This may be cor- 
related with the observation that 57 5 per cent of the patients weie 51 
or moie yeais of age and the incidence of S 3 'philis was comparatively 
low (884 per cent) 

The aoitic second sound was accentuated m 48, or 14 2 per cent, of 
the cases 

Systolic muimms weie present in 169, oi 49 8 per cent, of the cases 
of intiathoiacic aneurysm The s 3 stolic murmurs were best heard at 
the aortic area m 71 cases, at the apex in 52 cases and at the pulmonic 
area m 30 cases In 9 cases S 3 ^stolic muimurs weie heard in all aus- 
cultatory areas, and in 7 cases the site of the murmur was not specified 
Diastolic inurmuis weie piesent m 69, or 20 4 per cent, of the cases 
The diastolic murmurs were best heard at the aortic area in 32 cases 
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at the apex in 17 cases and at the pulmonic aiea in 10 cases In 5 
cases the murmur Avas heard m all the auscultatory areas, and in 5 
other cases the site of maximal intensity of the murmur was not speci- 
fied Systolic and diastolic murmuis often were piesent in the same 
patient, but specific data regarding this point were not collected 

In 65 cases detectable differences in the pulse oi blood piessure 
were elicited when the two arms weie compared Differences in the 
pulse aie not as significant as differences in the blood pressure or a 
delayed pulse on one side In 53, or 15 6 per cent, of the cases, no 
diffeience in the pulse or blood pressure could be elicited In 3 of the 
cases of aneurysm of the subclavian aitery a difference in the character 
of the pulse or blood pressure ivas noted, and in 4 cases definite efforts 
to reveal such differences were unsuccessful 

Physical Findings — In 97, or 28 6 per cent, of the cases of intra- 
thoiacic aneurysm, either a pulsating or an expansile mass was observed 
A palpable mass which was neither expansile noi pulsating was piesent 
in 49 cases In 11 cases the mass was tender A thiill was felt in the 
mass in 28 cases, and a bruit was present in the region of the aneurysm 
in 32 cases Tracheal tug was present in 62 cases, and diastolic shock 
was mentioned in 17 cases 

Mediastinal widening was observed in 70 cases Theie was evidence 
of bronchial occlusion in 18 cases Seven patients had clubbed fingers 
Cyanosis was present in 23 cases The light vocal cord was fixed in 6 
cases and the left vocal cord in 31 cases An additional patient had 
paralysis of both vocal cords, but this was thought to be the result of 
syphilitic mediastinitis ® Physical examination did not disclose any 
abnormality in 10 cases, m 4 of these cases there was an aneuiysm of 
the descending aorta 

The average duration of symptoms befoie the diagnosis Avas made 
at the clinic was thirty-six months The more remote the aneurysm 
was from the heart, the longei the symptoms had been present before 
a diagnosis was made In 116 cases information Avas obtained regard- 
ing the length of life after the diagnosis Avas established The diagnosis 
was confirmed at necropsy in 35 of these cases In 81 cases the patient 
lived from a feAv hours to ten yeais aftei the diagnosis was made, the 
aA'^erage duration of life aftei diagnosis being twenty and one-half 
months 

ABDOMINAL ANEURYSM 

Of the patients with abdominal aneuiysm, 68 7 per cent Avere males 
and 31 3 per cent were females The abdominal aorta Avas inA'^olved 
in 32 5 per cent of the cases, and multiple aneurysms were present in 
21 3 per cent of the cases In 3 cases thoracic and abdominal aneurysms 
were both present The incidence of syphilis Avas rathei Ioav, as evi- 
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dcnce of syphilis ^\as obtained in only 8 8 per cent of the cases In 
86 2 per cent of the cases the patients \\ere more than 51 years of age 
11ns suggests the impoitance of arteriosclerosis as the etiologic agent 
in aneuiysni in this legion 

Thirty-two patients, or 40 pei cent, had significant degrees of arteno- 
scleiosis, and 21 patients, or 26 2 per cent, had a se\eie degree of 
arteriosclerosis (giade 3 oi 4) 

Bacterial endocarditis was the lesponsible factor in 2 cases of 
mycotic aneur}^sm , m 1 of these cases the splenic artery was involved 
and in the other the lenal artery In only 1 case did an aneuiysm of 
the splenic artery produce symptoms, and in this case theie were no 
symptoms until lupture of the mycotic aneurysm caused a fatal 
hemorihage 

In 39, or 48 8 pei cent of the cases theie were no symptoms that 
were directly leferable to the aneuiysm Symptoms of cardiovascular 
disease and generalized arteriosclerosis predominated An abdominal 
mass was detected in 24, or 30 per cent, of the cases The mass had 
been detected by the patient in 8, or 10 per cent, of the cases The 
mass was obseived to pulsate in 22, or 27 5 per cent, of the cases and 
was expansile m 5, or 6 3 per cent, of the cases A bunt was present 
over the mass iii 9, or 11 3 per cent, of the cases Gastrointestinal 
symptoms veie present in 7, oi 88 per cent, of the cases 

Abdominal pain was present m 12 cases, in 1 case it was localized in 
the nght upper quadrant of the abdomen and in 2 cases m the left lower 
quadrant The systolic blood pressure was more than 150 mm of 
mercury in IS, or 22 5 per cent, of the cases Calcification was pi esent 
in the wall of the aneuiysm in 5, or 6 3 per cent, of the cases 

In 65, or 81 3 per cent, of the cases the diagnosis of aneuiysm was 
verified by operation or necropsy 

ANEURYSM OF THE PERIPHERAL ARTERIES 

111 21, or 3 5 per cent, of the entire senes of cases the aneurysm 
involved the peripheral arteries of an extremity Trauma was the 
cause of the aneuiysm in 7 cases Cases of congenital and acquired 
aiteiiovenous aneuiysm have not been included m this group 

In the cases of aneuiysm of the peripheral arteries the predom- 
inance of the male sex was evident, as it was in the cases in the other 
groups Although the total number of cases is small, the significance 
of S3^phihs as an etiologic agent appears to be slight Aneurysm of an 
extremity occurs earlier in life than aneurysm in other parts of the 
body, 38 per cent of the patients were less than 41 years of age 
Physical signs, for the most part, depend on the situation and the 
size of the aneurysm No attempt is made in this paper to list these, 
as they aie so well known 
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Arteiioscleiosis was piesent m 30 pei cent of the cases In 1 case 
of aneurysm of the femoral artery, bacterial endocarditis was present 
and may be consideied the etiologic agent 

MISCELLANEOUS ANEURYSilS 

This gioup included 13 cases The following arteiies were involved 
an artel y m the hypophaiynx m 2 cases, an unspecified arteiy in the 
posteiior ceivical region in 1 case, an artery within the orbit in 2 cases, 
the ophthalmic arteiy in 1 case, an unnamed artery of the cheek in 1 
case and a coionaiy aiteiy in 6 cases The aneurysm of the coionary 
aiteiy was an incidental finding at neciopsy in each case 

In 62 pel cent of this group of cases the patients were males A 
positive leaction to the Wassermann test of the serum was obtained in 
only 1 case (7 7 per cent) , in this case theie was an aneuiysm of one 
of the coronary vessels In this small gi oup of cases, 69 2 per cent 
of the patients were moie than 50 yeais of age Four of the patients 
complained of a mass A biuit was obseived in 2 cases, a thiill was 
present m 3 cases and in 3 cases the mass was obseived to pulsate 
The systolic blood pressuie was moie than 150 mm of mercury in 6, 
or 46 pel cent, of the cases An enlarged heart was found in 1 case, 
and severe arteiioscleiosis (grade 3) was piesent in 2 cases In 1 case 
of aneurysm of the orbit, eiosion of the wall of the orbit was noted 
during roentgenologic examination 

Proptosis was present in both cases of aneuiysm of the oibit Loss 
of vision was present in 1 of these cases and also in the case of aneurysm 
of the ophthalmic arteiy In 1 case aneuiysm of the hypopharynx 
pioduced Homer’s syndiome by piessuie on the ceivical sympathetic 
nen'^es 

SUMMARY 

A total of 596 cases of aneuiysm weie lecoided at the Mayo Clinic 
in the years 1925 to 1935, inclusive In this series of cases, 143 of the 
aneurysms weie intracianial, 339 were inti athoi acic, 80 were intia- 
ahdominal, 21 invoh^ed the extremities and 13 were of a miscellaneous 
chaiacter Syphilis was piesent in 3 5 pei cent of the cases of intra- 
cianial aneuiysm, in 70 pei cent of the cases of thoiacic aneuiysm, in 
8 8 pel cent of the cases of mtra-abdominal aneurysm, in 9 5 per cent 
of the cases of aneurysm of an extremity, and in 7 7 per cent of the 
miscellaneous cases of aneurysm In a total of 172, or 28 9 per cent, 
of the 596 cases the diagnosis of aneurysm was veiified at operation 
or necropsy 
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This presentation of cases and review of the hteiatuie were 
piompted by a case of meningococcic arthritis (the patient was seen at 
Bellevue Hospital during the afteimath of cerebrospinal meningitis) 
which went on to destroy seveial joints and pioduce ankylosis This 
was contiaiy to my undei standing of the prognosis in this condition 
Preliminary investigation in the standaid textbooks of medicine, includ- 
ing the vaiious laiger systems, levealed only cuisoiy mention of this 
complication of epidemic meningitis 

Thus Heriick,’- in Cecil’s “Textbook of Medicine,” said only that 
arthritis and aithralgias may occui and complicate the diagnosis m the 
eaily stages and that the prognosis is usually good Leake, ^ m Tice’s 
"Piactice of Medicine,” stated that the outcome of arthritis due to the 
meningococcus is not as seiious as might be imagined and that there 
tends to be spontaneous and complete recoveiy Rolleston and 
Andiewes,® in Nelson’s system of medicine, repeated this with a more 
complete discussion, similarly, Gordon,^ m the “Cyclopedia of Medi- 
cine,” and Osier and McCrae ° in their textbook merely mentioned this 
condition and stated no prognosis It was piimarily to check the 
accuracy of this general concept that a review of all the cases that could 
be discovered was undertaken 

Fiom the Orthopedic Service of Dr Krida, Bellevue Hospital, and the 
Orthopedic Sen ice. Mount Sinai Hospital The cases were taken from the Pediatric 
and the Third and the Fourth Medical Division of Bellevue Hospital and from the 
Pediatric, Medical and Neurologic services of Mount Smai Hospital 

1 Herrick, W W Cerebrospinal Fever, m Cecil, R L A Textbook of 
Aledicine, Philadelphia, W B Saunders Company, 1927, p 117 

2 Leake, J P Meningitis, in Tice, F Practice of Medicine, New York, 
W F Prior Company, 1920, vol 3 

3 Rolleston, H , and Andrewes, F W Cerebrospinal Fever, in Nelson Loose- 
Leaf Living Medicine, New York, Thomas Nelson & Sons, 1926, vol 2, p 45 

4 Gordon, J E Meningococcic Meningitis, in Piersol, G M , Bortz, E L, 
and others Cyclopedia of Medicine, Philadelphia, F A Davis Company, 1933 
vol 8, p 723 

5 Osier, W, and McCrae, T Meningitis, m Principles and Practice of 
Medicine, ed 8, New York, D Appleton and Company, 1912, p 113 
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This complication of cerebrospinal fever was lecognized long before 
the discovery of the meningococcus m 1887 by Weichselbaum ° The 
earliest clinical mention was made by Welch/ in 1810, and by North,® 
in 1811, both of whom gave excellent, though biief, descriptions Still,® 
in 1898, and Gwyn,^® in 1899, first lecovered the organism from the 
involved joint as well as fiom the blood and spinal fluid, and Osier 
shortly afterwaid described the clinical chaiacteristics in lathei broad 
terms Nuineious repoits on individual cases of meningococcic aithritis 
date back to 1856 in the Fiench literatuie These accounts extend up 
to the great epidemics which occuiied just befoie, duiing and after 
the World War Sainton listed at least a dozen papeis, including the 
detailed leports of Netter and Deble, Comby and Sevestie, Nettei and 
Durand, Lafosse, Maille and Sainton (in several papeis written with 
various co-authors) 

The epidemics of cei ebrospinal fever in military and naval encamp- 
ments led to the excellent descriptions of the various manifestations of 
meningococcic infection by Rolleston,’^® in England, and by Herrick 
and Parkhurst,^® in the United States, who descnbed the laigest gioup 
of cases of extrameningeal manifestations of meningococcic infection 
ever collected In the last mentioned paper was given a more or less 
complete leview of the literature up to 1919 on the aiticulai complica- 
tions of this disease 

Since 1919 the desciiptions of this subject ha\e been few and fai 
between, consisting mainly of case lepoits Weill, Dufouit and Bocca 
reported a fatal case in a 17 day old infant who had arthritis of the left 
knee and a cervical abscess, originating from the sternoclavicular joint, 
with no meningitis Culture of the pus in the cervical abscess showed 
meningococci, which weie also found in an abscess in the bieast and in 
the nasopharynx of the mother Jaffe gave details on case 4 of the 
present series (table 1) Kobayashi ^® presented a 4 month old girl who 

6 Park, W H , Williams, A W , and Krumwiede, C Pathogenic Alicro- 
organisms, ed 9, Philadelphia, Lea & Febiger, 1929, p 358 

7 Welch, T Dissertations of the Massachusetts Medical Societi^, 1813, vol 2, 
p 135 , cited by Osier 

8 North, E A Treatise on a Malignant Epidemic, Commonly Called Spotted 
Fever, New York, T & F Swords, 1811 , cited by Osier 

9 Still, G F J Path & Pact 5 147, 1898 

10 Gwyn, N B Bull Johns Hopkins Hosp 10 112, 1899 

11 Osier, W Arthritis of Cerebrospinal Fever, Brit M J I 1521, 1899 

12 Sainton, P Lancet 1 1080 (June 21) 1919 

13 Rolleston, H Lancet 1 645 (April 19) 1919 

14 Herrick, W W (a) Extrameningeal Meningococcus Infections, Arch Int 
Med 23 409 (April) 1919, (b) Bull New York Acad Med 7 487 (July) 1931 

15 Herrick, W W , and Parkhurst, G M Am J M Sc 158 473 (Oct) 1919 

16 Weill, E , Dufourt, A , and Bocca Lyon med 130 504, 1921 

17 Jaffe, H J Mt Sinai Hosp 1 23 (May-June) 1934 

18 Kobayashi Orient J Dis Infants 16 22, 1934 
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had the onset of diffuse arthritis of both feet, elbo^^ s, knees and hands, 
with s^^elllng, fluctuation and formation of fluid, from which weie 
cultured meningococci There r\ere no meningeal s}mptoms, and com- 
plete cuie ^\as obtained in three months Campbell and Greenfield 
also presented a case of "cryptogenetic” arthritis of the knee of unknown 
etiology in a 15 month old boy Cultuie of the fluid revealed meningo- 
cocci , the outcome was not reported 

Several papeis,"® m addition, on so-called postmeningitic spondylitis, 
to be discussed presently, make up all that has been written on this 
subject since the World War except Heriick’s review, m 1931, of his 
expeiience during the war Theiefoie, the scope of this paper was 
enlarged to include a general leview of the entne subject and the 
piesentation of 23 cases, many of them illustrating points in the clinical 
pictuie, diagnosis and prognosis of the condition previously scattered 
through the liteiatuie 

INCIDENCE 

The lepoits of these cases (table 1) were selected from the recoids 
of Bellevue Hospital (17 cases), of Mount Sinai Hospital (4 cases) 
and of piivate phj^sicians (2 cases), making 23 cases m all, lecoids of 
the last ten yeais only weie examined It was impossible to estimate, 
fiom the various sources, the exact incidence of articular complications 
of memngococcic infection All the patients had meningitis at some 
tune duimg the course of the disease , some had clinical and bacteriologic 
meningococceinia In the liteiature,^^ the incidence of aiticular lesions 
IS given as 4 8 to 20 pei cent in vaiious epidemics at different times 

In 6 5 pel cent of Herrick’s series of 902 cases of infection with 
meningococci theie was aiticulai involvement Rolleston, in the Bntish 
Navy epidemic, reported an incidence of 4 8 per cent, and Councilman, 
Mallory and Wright, cited by Herrick and Parkhurst,’-^ leported 5 4 per 
cent Sainton,^^ however, leported the incidence as being neaier 20 
pel cent He emphasized the transiency in many of the cases, the 
diamatic natuie of the meningitis and the extreme sickness of the 
patient, which made detailed examination of joints more difficult, causing 
the condition to be missed entirely m many cases He said he believed 
the incidence to be much higher than is generally thought and that if 
caiefully sought, infection of the joints is more often demonstrable 
In a lecent senes of cases of epidemic meningitis in 169 children at 
Bellevue Hospital the incidence was 7 7 per cent 

19 Campbell, W , and Greenfield, E C South African M J 10 545 (Aug 8) 
1936 

20 (a) Epstein, S Am J M Sc 163 401 (March) 1922 , (b) M J & Rec 

128 219 (Sept 5) 1928 (c) Bilhngton, R W Spondylitis Following Cerebio- 

spmal Meningitis, J A M A 83.683 (Aug 30) 1924 

21 Sainton ^2 Rolleston ^3 

22 Bolduan, N Personal communication to the author 



Tabll 1 — Memngococac 


No 


of 

Cases 

Age, 

Xr 

Sex 

Primary 

Infection 

Severity 

Proof of 
Meningococci 

1 

49 

M 

Meningitis 

Moderate 

Spinal fluid, 
smear 

2 

4% 

P 

Meningitis 

Moderate 

Spinal fluid, 
culture 

8 

17 

P 

Meningitis 

Severe 

Spinal fluid, 
culture 

4 

60 

M 

Arthritis, 

meningo 

eoeeemia 

Severe 

Spinal fluid 
and wnst 
fluid, culture 

5 

44 

P 

Meningitis 

Mild 

Spinal fluid 
and knee 
fluid, culture 

6 

11 

M 

Meningitis 

Moderate 

Spinal fluid, 
culture 

7 

21/2 

P 

Meningitis 

Severe 

Spinal fluid, 
culture 

8 

18 

M 

Meningitis 

Moderate 

Spinal fluid, 
smear 

9 

16 

P 

Meningitis 

Severe 

Spinal fluid, 
smear 

10 

% 

P 

Arthntis 

meningitis 

Moderate 

Spinal fluid, 
cells, etc 

11 

11 

M 

Meningitis 

Moderate 

Spinal fluid, 
culture 

12 

19 

P 

Meningitis, 
infection of 
abdomen and 
throat 

Severe 

i 

Spinal fluid, 
culture 

13 

8 

P 

Meningitis, 
pain in ear 

Moderate 

Spinal fluid, 
cells, etc 

14 

5 

M 

Meningitis 

Moderate 

Spinal fluid, 
culture 

15 

20 

M 

Meningitis 

Moderate 

Spinal fluid 
and knee 
fluid, cells, 
etc 

16 

42 

M 

Meningitis 
and meningo 
coccemia 

Severe 

Spinal fluid 
and knee 
fluid, culture 

17 

3 

M 

Meningitis 

Severe 

Spinal fluid, 
culture 

18 

2 

P 

Meningitis 

Severe 

Spinal fluid, 
culture 

19 

11 

M 

Meningitis 

Moderate 

Pluid, cells, 
etc 

20 

3 

M 

Meningitis 

Mild 

Smear only 

21 

9 

M 

Meningitis 

Moderate 

Culture 


22 (Dr Wishner’s case, descnbed im text) 

23 (Dr I/ippmann’s ease, descnbed in text) 


Onset of 
Articular 
Involve 
ment 

Onset of 
Serum 
Sickness 

Joints 

Involved 

Duration of 
Articular 
Degree of Involve 

Involvement ment 

7 days 


Tarsal and 
metatarsal, 
left 

Red, tender 
and swollen 

5 wk 

10 days 

9 days 

IjCft knee 

Effusion 

2wk 

Wrist, 

2 days, 
hip and 
elbow 
2V^mo 

8 days 

Right urist, 
hip, left 
elbow 

Edema, de 
formity and 
limited 
motion 

Months 

2 wk 


Right urist 
and ankle 

Infiltration, 
swelling, 
heat and pain 

10 days 
recurrence 
to 1 mo 

10 days 


Right knee 

Pluid, etc 

3 wk 
plus 

6 days 

8 9 days 

Right knee, 
wnsts, fingers, 
hip and ankles 

Swelling and 
fluid 

3 4wk 

3wk 

8 9 days 

Pingers 

Swelling 

1 wk 

3 wL 

No other 
signs 

Left knee 

Pain, stiff 
ness and fever 

3 4 days 

4 wk 

No other 
signs 

Left ankle and 
both hands 

Swelling, 
painful 
and red 

1 2 wk 

2 days 


Left hand 

Swelling, 
painful 
and red 

1 wk 

4 6 days 

No other 
signs 

Both hands, 
urists, ankle 
and knee 

Swelling, 
painful 
and red 

1 wk 

6 days 
to 4 wk 

10 days 

rist, fingers, 
elbous and 
knee 

Severe de 
struetive 

3 mo 

2 wk 

10 days 

Left elbow 
and hip 

Swelling, 
pain and 
heat 

1 2 wk 

10 days 

7-8 days 

Right elbow 

Swelling, 
pain and 
heat 

3 4 days 

9 days 

6 days 

Right knee 

Purulent 
fluid and 
deformity 

2 mo 

3 davs 

9 days 

Nearly all 
lomts 

Inflamma 
tion, fluid, etc 

3 mo 

3 days 


Diffuse in all 
joints 

Inflamma 
tion, fluid, etc 

3 days 

3 5 days 

8 days 

Right knee 
and elbow 

Inflamma 
tion, fluid, etc 

2 wk 

9 days 

7 days 

Many jointc 

Slight inflam 
mation, fluid, 
etc 

3 4 days 

2 5 daas 


Knee, fingers 

Inflamma 
tion, fluid, etc 

2 wk 
plus 

2 days 


Left elbow 

Slight mflam 
mation, fluid, 
etc 

2 wk 



Injections of Joints 


Duration 

of 

Scrum Other 

Sichnc's Complications 


Specific 


Treatment 

- - A 

Orthopedic 


1 ollow 

, Dp 

iUsccllaneous Period 


Outcome 


Joints 


General 


Serum, intra- Diathermj C ui. Eesolution Cure 

spinal and 

intravenous 

■15 days Iridocvchtis Serum, intra Traction 2 mo Resolution Ocular defect 

spinal and 
intravenous 

■15dajs Encephalitis Serum, intra Manipulation, Physical 1 yr M rist cured. Residual 

spinal and drainage therapy elbow and encephalitis 

intravenous hip stifl 



Syphilis, 
hepatitis and 
pneumonia 

Senim, intra 
spinal and 
intravenous 

Wrist fluid, 
aspiration 



Serum, intra- 
spinal 

Aspiration, 

splint 

S 4 days 

Deafness 

Serum, intra- 
splnal 

Aspiration 

2 wk 

Strabismus and 
conjunctivitis 

Serum, intra- 
spinal 


? 


Serum, intra 
spinal 


> 

Pregnancy 

Serum, intra- 
spinal and 
intravenous 




Scrum, intra- 
spinal and 
intravenous 


1 


Serum, intra 
spinal 


3-4 days 


Scrum, intra 
spinal 

Casts 


4 5 days 


Serum, intra 
spinal 


6 7 days 


Serum, intra- 
spinal 


0 4 days 

Deaf mute 

Scrum, intra 
spinal 

Aspiration 
and traction 

C 7 davs 


Intraspinal, 
intravenous 
and into knee 

Wrist and 
knee splints, 
aspiration 


Coma 

Intraspinal and 
intravenous 


3 days 

Acute purulent 
otitis media 

Intraspinal 

Splint 

5 davs 


Intraspinal 



Bilateral acute 
purulent 

Intraspinal 



otitis media 




Ankle cured, 
wrist better 

Death due to 
pneumonia 

Physical 

therapy 

1 yr 

Slight limita- 
tion of flexion 

Cured 


2 yr 

Resolution 

Cured 


1 mo 

Resolution 

Cured 



Resolution 

Cured 


2 wk 

Resolution 

Death 



Resolution 

Cure 



Resolution 

Cure 

Physical ther- 
apy, fever 
therapy, blood 
transfusion 


Ankylocis right Recovery 
elbow, wrist, 
carpometacarpal 
joints, partial 
ankylosis 
left elbow 



Resolution 

Cure 



Resolution 

Cure 

Physical 

therapy 

2 mo 

Slight limita- 
tion of flexion 

Recovery 

Physical 

therapy 

3 mo 

Slight residual 
general stiff- 
ness 

Recovery 



Unchanged 

Death, 6 days 



Resolution 

Cure 



Resolution 

Cure 



Resolution 

Cure 


Resolution 


Cure 
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classification 

The present senes of cases falls natuially into three major groups 
which aie not sharply delineated This coi responds with the classifica- 
tion given by Herrick and Parkhurst , the mam characteristics are 
outlined in table 2 and will be discussed in detail 

Another classification depends on the occurrence of meningitis and 
the temporal relation of the arthritis to the meningeal symptoms, thus 

I Meningococcic arthritis may be associated with epidemic menin- 
gitis 

(a) It may occur from a few days to as long as two months before 
the meningitis, in polyarticulai fashion, resembling iheumatic fever, 


Table 2 — Memngococac Aithiitis (After Hetrick and Paikhurst) 



Type A 

Type B 

Type O 

Occurrence 

At onset 

Se\eral days later, 
average of 5 days 

After 6th day 

Joints involved 

Symmetric polyarthritis, 
almost all joints and 
extremities 

One joint, usually knee 

One or several 

Pathologic data 

Hemorrhage, periartic 
ular or intra articular 

Purulent arthritis 

Serous arthritis 

Baoteriologio data 

Exudate not examined 

Meningococci in % 

Negative 

Pam 

Severe 

Moderate 

Moderate 

Redness 

Marked 

Slight or absent 

Moderate 

Swelling 

Slight or absent 

Marked 

Moderate 

Tenderness 

Marked 

Slight 

Moderate 

Spasm 

Marked 

Slight 

Moderate 

Type of infection 

Fulminating and severe 

Mild or moderate 

No relation 

Rash on skin 

Hemorrhagic 

Inconstant 

Urticarial, erythema 

Duration 

Short 

Long 

Short 

Complications 

Panophthalmia, epi- 
didymitis, etc 

Infrequent 

Serum sickness 

Prognosis 

Poor 

Good 

Good 

Treatment 

General serotherapy 

Serum, general and local 

Rest 


gonoiiheal aithritis or some othei disorder Seveial such cases will be 
presented 

(b) It may occur during the acute meningitis 

(c) Finally, it may occui aftei the meningeal symptoms have sub- 
sided, usually from the fourth to the seventh day of the infection but at 
times anywhere up to the thirty-fifth day 

II Meningococcic infection of the joints may occur, with sepsis, 
apart from the meningitis None of the present cases were of this type, 
although a few appeared so until the late appearance of meningitis 

III It may occur as an isolated localized infection, with no other 
foci in the body None of the present cases weie of this type These 
constitute the raiest ones, examples of which are reported by Weill, 
Dufouit and Bocca^® (even autopsy showed no meningitis or sepsis), 
Kobayashi and Campbell and Greenfield Of course, mild meningitis 
or sepsis might easily have been missed 
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PATHOLOGY 

The inflammation is mainly peiiarticular m the ordinary cases, as 
studied post mortem by Still, Osier and the Fiench workers (quoted by 
Herrick and Parkhurst^^) In the eaily, arthralgic, rheumatic or poly- 
arthiitic type of case (group A) the lesions are hemorihagic, coriespond- 
ing with the purpuric spots in the skin and causing articular irritation 
from their location in the synovial structures resembling Schonlein’s 
purpuia These nearly always subside, but at times the organisms gain 
a foothold and produce a more typical true arthritis and/or periarthritis, 
usually in one but occasionally in seveial joints (group B) 

The type of inflammation varies, exactly as in gonorrheal aithiitis, 
from mild seious to seiopurulent, subacute plastic, frank puiulent and 
acute destiuctive forms The outcome is by no means unifoimly favora- 
ble, depending on the seventy of the local lesions and the efficacy of the 
specific tieatment Destruction and ankylosis do occur 


CLINICAL characteristics 


Fiom table 1, as well as the literature, it is seen that the age, sex, 
severity of the geneial infection, duiation of the infection and type of 
tieatment (excluding the more recent specific antitoxic antiserum and 
sulfanilamide, which cannot as yet be accuiately evaluated) have no 
influence on the seventy, frequency, duration or joints involved in 
the arthritic lesions In 2 cases the articular manifestations preceded 
the meningitis, and in several others the meningeal signs weie of such 
low glade, compared with the accompanying arthritic symptoms, that 
the diagnosis was confused These cases will be detailed later In the 
remaining cases the onset of articular manifestations ranged from the 
second or third day after full-blown meningitis to as late as four weeks 
In case 3 obvious articular involvement was present only after two and 
one-half months, but the patient was in such prolonged stupor and the 
lesions were so deeply placed that it is likely that this involvement had 
been overlooked until then Over half the patients showed articular 
involvement between the fifth and the twelfth day after onset of the 
general infection Serum sickness occuired in 11 cases, with several 
others questionable, swelling of the joints being the only symptom 
The joints involved in this series, m the order of their frequency, 
were 


No of Cases 


Knee 9 

Hand 7 

Elbow 6 

Wrist 5 


No of Cases 


Ankle 4 

Hip 3 

Tarsus 1 

All joints 3 


Of the joints which became badly destroyed, the elbow was involved 
in 2 cases, the hip in 2, the wrist in I and the knee in 1 Involvement 
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of the knees and hands tended to be moie arthiitic than arthralgic, with 
effusion and much periarticular infiltration According to Rolleston, in 
young children the small joints of the hands and feet are pi one to be 
attacked This held tiue with respect to the infant in the piesent 
series In the oidinary type of infection (group B) involvement of the 
knees predominates by far 

GROUP A (TABLE 2) CASES IN WHICH THE MORTALITY IS 
HIGH BUT THERE IS SCANT ARTICULAR INVOLVEMENT 

These cases aie of the polyarthntic, aithralgic, “iheumatic” type, the 
articular symptoms occurring in the fiist few days of geneiahzed infec- 
tion, not mfrequenly before the full-blown meningeal pictuie is obvious 
This type of condition usually accompanies the meningococcemic form 
of the disease, with a seveie lash and stoini}’- course, although the 
articular manifestations aie often tiansient This coi responds with 
small, petechial hemorrhages adjacent to and within the joints There 
may be slight effusion, but considerable pain and tenderness aie char- 
acteristic, and other metastatic complications, such as iiidocychtis, 
panophthalmia, deafness and endocarditis, are common Occasionally, 
after a few days, instead of subsiding, the symptoms meige with those 
noted in the cases m gioup B and even group C 

Herrick and Parkhurst leported 12 such cases, with death occuriing 
in one third of them The wrists and knees were mainly involved, 
with the ankles and elbows next in oidei In 2 cases meningitis was 
not present Cecil and Sopei lepoited 4 cases of meningococcic 
sepsis with arthritis but without meningitis Except for that, they 
resembled the present cases In pieparing this repoit, a separate gioup 
of cases of chronic meningococcemia and meningitis were investigated 
both at Bellevue Hospital and at Mount Sinai Hospital, but in none was 
arthiitis found In most of them aithialgias were mentioned, but theie 
was not enough inflammation to waiiant a diagnosis of arthiitis Never- 
theless, m any case of piolonged fever with obscuie polyarthritis, 
meningococcemic infection without meningitis must be suspected and 
proper bactenologic studies undei taken ^ 

It will be obvious how m some of these cases the condition resembles 
other, moie common types of arthritis, making the diffeiential diagnosis, 
especially before meningeal signs appear, difficult The great resem- 
blance to gonoirheal arthiitis and rheumatic fever must, above all, be 
emphasized 

Case 16 — A 42 year old man entered the hospital with a fulminating general 
infection Cardiac valvular disease was discovered at once, and the problem 
of rheumatic activation was presented Diffuse polyarthritis began on the second 

23 Cecil, R L , and Soper, W B Meningococcus Endocarditis, with Septi- 
cemia Its Bearing on the Mode of Infection in Epidemic Cerebrospinal Menin- 
gitis, Arch Int Med 8 1 duly) 1911 
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day and spread to involve all the joints, but chiefly the wrists and knees In 
addition, two gonorrheal complement fixation tests of the blood showed a 3 plus 
reaction, and for a time the diagnosis of gonorrheal arthritis was favored It 
was only with the appearance of frank meningitis and culture of meningococci m 
the spinal fluid that the true nature of the inflammation was suspected, about a 
week after entry The meningitis responded at once to large doses of serum 
mtrathecally and intravenously, but the arthritis ran a prolonged course, lasting 
three months, with final complete recovery On one occasion specific antiserum 
was injected into the more severely involved knee 

Comment — This case illustrates some of the difficulties of making a 
diagnosis in the absence of meningitis The piesence of gonorrheal 
arthiitis was stiongly suspected, as well as reactivation of old rheumatic 
fevei, until similai oiganisms from the spinal fluid and from the knee 
weie shown to be meningococci 

Case 17 — A 3 year old boy presented signs of severe meningeal and meningo- 
coccemic involvement, with marked coma, cutaneous signs and diffuse articular 
inflammation, from the third day of the illness Culture of the spinal fluid 
showed meningococci, but, despite the administration of large doses of serum 
intraspmally and intravenously, the boy died on the sixth day 

Case 22 (Dr J Wishner has given me permission to report this case) — A middle- 
aged woman entered the hospital with a history of chills, fever and arthritis of 
both wrists and ankles of four days’ duration The temperature was high, and 
there was a rash The knees were involved soon after entry Blood culture, as 
well as the general laboratory study showed no abnormality Both knees were 
aspirated, and culture of the fluid and smears did not show meningococci Plaster 
splints were applied to the knees and ankles in the second week It was only in 
the third week that meningitis appeared and the spinal fluid was found to con- 
tain meningococci Serum was given mtraspinally, and both the meningitis 
and the arthritis cleared up one month after entry The patient made a complete 
recovery 

Comment — These cases also illustrate the diagnostic errors that 
may be made in cases of meningococcic “rheumatism” without menin- 
gitis The aiticulai involvement was followed by meningitis in about 
two and a half weeks, and it was only then that the correct diagnosis 
was made This premeningeal picture coi responds exactly with that 
described by Sainton and Herrick 

GROUP B CASES OF THE COMMON TYPE, IN WHICH GROSS 
INFLAMMATION OF THE JOINTS IS PRESENT 

The chaiacteristics in this group are given m table 2 The symptoms 
occur mainly after the fifth day When they coincide with the mani- 
festations of seium sickness and aie mild, they may be mistaken for 
those obseived in the cases in group C These aie the cases in which 
the involvement is characteristically monoarthi itic , if it is multiple, one 
joint IS more involved than the others Effusion is the outstanding 
feature, with much swelling, but there is relatively little pain, tenderness 
01 limitation of motion This is mentioned as characteiistic of meningo- 
coccic involvement of the joints by nearly all the authors who have been 
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consulted While true fiequently, it is by no means invariably true, 
depending entirely on the seventy of the infection In several of the 
cases in this senes the pain requiied morphine and splinting, and 
flexion contracture occurred In the cases of destructive involvement, 
swelling, heat, pain and local inflammation were marked, and limitation 
of motion was extreme Much is made in the literature of a typical 
articular fluid Howevei, little difference is seen between this exudate 
and the inflammatory exudates obtained m cases of acute infectious 
arthritis of other types The fluid varies from mucinous, seious, to 
seropurulent and may even, uncommonly, contain thick pus It is often 
hemorrhagic and brown, because of the piesence of old blood Menin- 
gococci are cultured in one-third to one-half the cases and on smear 
may be both extracellular and intracellulai The fluid contains a pre- 
ponderance of polymorphonucleai s and an increased amount of piotein 

Herrick and Parkhurst reported 16 cases of this type, and Sainton 
in his various leports mentioned a total of 17 cases In both senes and 
in the present one the knee was by far the most often involved The 
mortality in these cases was less than that m the cases in group A and 
less than the general aveiage moitahty in epidemic meningitis, although 
the articular involvement was more seveie At least 14 of the present 
cases fall m this gioup Fluid was aspirated in 6 of these cases, and 
meningococci were giown in 3 cases (fluid from the knee in 2 cases and 
from the wrist in 1 case) , m the 3 other cases the fluid was obtained 
from the knee 

Case 1 — A 49 year old man entered the hospital with a three day history 
of fever, cramps and other symptoms Several purpuric spots and early signs 
of meningitis were present On lumbar puncture cloudy fluid was obtained which 
showed gram-negative diplococci on smear, though culture was sterile Other 
laboratory studies showed a high leukocyte count, with an increased number of 
polymorphonuclears The patient was given antiserum intravenously and intra- 
thecally and recovered fairly well in about a week Four da 3 ^s after entry, 
inflammation of the dorsum of the left foot appeared, with redness, swelling, 
pain and tenderness The symptoms did not fluctuate, and after ten days a roent- 
genogram revealed evidence of atrophy and arthritis about the tarsal and meta- 
tarsal joints The lesion gradually subsided with no local therapy except short 
wave diathermy The patient also had a mild serum reaction 

Case 4 (reported by Jaffe — A 66 year old Italian had had arthritis with 
fever thirty years before He was known to have had sj'philis two 3 'ears before 
and was admitted because of a “postarsphenamine reaction,” with jaundice, chills, 
fever of three weeks’ duration, and pain, swelling and inflammation of the right 
wrist and ankle for ten days Phj^sical examination showed much periarthritis 
and arthritis, with swelling and infiltration of the right wrist and ankle The 
Wassermann and Kahn tests of the blood gave a 4 plus reaction At first the 
patient was believed to have arsphenamine hepatitis and gonorrheal arthritis, recent 
exposure having been admitted Aspiration of fluid from the right wrist revealed 
intracellular gram-negative diplococci, apparently confirming the diagnosis How- 
ever, a day or two later, signs of meningeal involvement appeared, confirmed by 
lumbar puncture, and meningococci were cultured from the spinal fluid and the 
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fluid from the wrist (immunologically verified) The patient improved with anti- 
serum treatment, after ten daj'S the joints w'ere normal, and the meningitis sub 
sided Two weeks later a recrudescence of the arthritis in the wrist occurred 
with fever but no meningitis , and the patient died in stupor, with jaundice and 
confluent bronchopneumonia, confirmed by autopsy 

Comment — Again it is illustrated how readily confusion with gonoi- 
iheal or other types of infectious arthiitis is possible In this case, only 
identification of the organisms by agglutination and agglutination absoip- 
tion tests made the diagnosis definite 

Case IS — A 20 year old man, a deaf-mute, was transferred from another hospital 
to Bellevue Hospital after cerebrospinal meningitis, which had been successfully 
treated by lumbar puncture and with serum, although culture and smears had 
not shown meningococci Serum sickness developed on the sixth day and inflam- 
mation of the right knee three days later This was not serum arthritis but acute 
arthritis, the knee being held in semiflexion, with only 5 to 10 degrees of motion 
Fluid, periarticular infiltration and local heat were marked The spinal fluid 
at this time was normal Fluid from the knee was sterile but was typical 
articular exudate The fever was low grade for two weeks, the curve then 
becoming flat After one puncture of the knee the fluid disappeared Traction 
was applied after a week or two, and gradually the deformity and arthritis sub- 
sided, aided by mild physical therapy with complete recovery of all motion 

Case S — A 44 year old woman was acutely ill with typical severe meningo- 
coccic meningitis She presented a picture of peritoneal irritation and generalized 
petechial rash The spinal fluid contained meningococci, but blood culture was 
sterile The fever subsided at once with specific therapy (lumbar punctures and 
serum), and the spinal fluid became normal, with subsidence of the meningitis 
in five days Ten days after entry, severe arthritis of the right knee developed, 
the diagnosis being verified by aspiration and culture of meningococci from the 
fluid from the knee The temperature rose to 102 F With aspiration and 
splinting, the tendency to flexion contracture and mucopurulent effusion was 
gradually overcome At the time of the patient’s discharge from the hospital, 
the knee was fairly stiff A follow-up report after one year revealed limitation 
of only 10 degrees of flexion 

GROUP C CASES OF MILD INVOLVEMENT OF THE JOINTS 
RESEMBLING THAT IN SERUM SICKNESS 

This group includes those cases m which the condition was confused 
with or actually due to seium sickness Herrick and Paikhurst pre- 
sented 12 cases, the manifestations being similar whether serum was 
given intramuscularly, intravenously or mtrathecally In the present 
senes this difficulty with legard to the differential diagnosis occurred 
about half a dozen times (cases 8, 9, 11, 13 and 14) It is my opinion 
that in most of these cases the involvement of the joints was menin- 
gococcic and not due to serum sickness , however, I have no definite 
proof of this One patient (case 6) apparently had both serum sickness 
and menmgococcic involvement of the joints 

This difficulty m making a differential diagnosis is inheient in the 
time of occurience of the serum sickness and m the nature of the 
articulai involvement, duration of symptoms and general characteristics. 
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when compared with the chai acteristics of the less seveie foims of the 
group B type of meningococcic arthiitis Table 2 gives the main features 
of this condition, but none of the points mentioned serve to establish 
the differential diagnosis A serum leaction has been common m menin- 
gitis, as until lecently m all cases dm mg an epidemic tieatment with 
antiserum has been given as soon as the diagnosis has been made , usually 
crude serum has been used Rolleston^® said the incidence was 67 to 
81 per cent m 1919 and before Bolduan said it was 52 per cent in the 
Bellevue Hospital series of children 

Rolleston’-® stated that the urticaiial rash is the most common find- 
ing but that serum arthritis does occur, involving one or moie joints 
before, during or, usually, three days after the rash, and consists of pain 
and stiffness lather than swelling Coca, quoted by Duke,-^ said that 
the incidence of articular pain and tenderness in a laige series of cases 
of serum sickness was fiom 1 to 1 9 per cent, with involvement of the 
fingers and hands mainly Mackenzie stated that serum disease 
without cutaneous manifestations is lare and that the condition is char- 
actenzed by pain and stiffness of the joints, with little to be felt oi 
seen, although in raie cases local swelling, heat and other symptoms, 
simulating those of iheumatic fever may be present Schick, who, 
with von Pirquet, published the most widely quoted work on serum 
disease and described a large number of cases of serum sickness, stated 
that articular pains seldom occur but can be intense and annoying, 
involving large or small joints, often only one joint, the condition being 
marked by transience and absence of objective symptoms 

It IS obvious, then, that if meningococcic aithiitis occurs in the 
second week of the disease and serum sickness seven to ten days aftei 
the first dose of serum is given, the two conditions will often 
coincide, and, if the clinical condition is not seveie, great difficulty 
will be encounteied in making a diffeiential diagnosis Much depends 
on the occuri ence and time relation of an accompanj mg rash, although 
both conditions can exist in one patient Foitunately, the distinction 
is not often of practical impoitance, as, if the aiticular involvement is 
mild enough to be suspected as being* due to serum sickness, the prog- 
nosis of the aithritis is excellent regardless of theiapy In the following 
case both types of involvement were pi obably present 

Case 6 — An 11 year old boy entered with the clinical picture of cerebrospinal 
meningitis, with numerous petechiae The appearance of the spinal fluid was 
typical, and he was given intrathecal injections of serum daily Smears and 

24 Duke, W W Allergy, Asthma, Hay Fever, Urticaria and Allied Mani- 
festations of Reaction, ed 2, St Louisj C V Mosby Company, 1925 

25 Mackenzie, G M Serum Disease, in Cecil, R L A Tevtbook of Medi- 
cine, Philadelphia, W B Saunders Company, 1927, p 468 

26 Schick, B Serum Disease, in Brennemann, J Practice of Pediatrics, 
Hagerstown, Md, W F Prior Company, Inc, 1937, vol 2 
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culture gave positive evidence at first On the fifth da}', generalized articular 
pains appeared in the right wrist, left hand, both knees and the right shoulder, 
along with lymphadenopathy and swelling of the hands, all suggestive of an 
extensive serum reaction The right knee then swelled up He was treated for 
serum sickness, with gradual subsidence of all symptoms except those in the 
right knee Urticaria appeared at the height of the articular iinolv'cment, and 
elevation of the temperature and inflammation of the knee persisted, along with 
deafness Fluid was aspirated from the knee twice, and then transient pain in 
the left hip and involvement of the right ankle and foot appeared After this, 
with further specific theiapy, gradual improvement of all the joints occurred, 
with complete recov'ery and discharge in five weeks 

GROUP D CASES OF SO-CALLED POSTMENINGITIC SPONDYLITIS 

This loose entity is desciibed by Epstein ^ jn two leports, in 
which he presented 2 cases in which there was pioductive spondylitis, 
between the bodies of the third and fouith lumbar vertebrae, with 
nan owing of the intei vertebral disks and some destiuction of the third 
lumbal yertebia One patient also had a residual drop foot He 
attiibuted these 2 cases to direct menmgococcic invasion of the spinal 
bodies, on a metastatic basis One patient was followed over a year 
before narrowing of the disk became obvious 

Billington,®®*^ following Epstein’s lead, reported a group of cases of 
“spondylitis after meningitis,” including 35 cases of pain in the back 
after epidemic meningitis 'He divided them into cases in which osteo- 
arthritis was noted roentgenogi aphically (m 8 cases theie was narrowing 
of the disk between the third and fouith lumbar vertebrae, and in 12 
there was hpping of the vertebral margins), cases in which no changes 
were noted roentgenogi aphically but m which positive physical signs 
were present, and, the largest number, cases in which symptoms were 
present in the back but no objective signs were noted In only 1 of these 
cases was aithntis (in the wrist alone) present during the meningitis 

In view of the present knowledge of the physiology and pathology 
of the intervertebral disks, it seems that the aforementioned findings 
can be explained better than by being attiibuted to memngococcic inva- 
sion It is much more likel)'- that the frequent lumbar punctures 
required in treating the disease according to standard methods caused 
injury to the posterior limiting poiTion of the annulus fibrosus of the 
intervertebral disk, thus allowing prolapse of the nucleus pulposus and 
giving use to both the signs and the symptoms mentioned Similar 
cases have been reported after an operation in which spinal anesthesia 
has been used, and the greater relative frequency after meningitis may 
simply be due to the greater number of lumbar punctures in each case 

PROGNOSIS AND TREATMENT 

All the authors who have presented groups of cases of menmgococcic 
arthritis, including Netter and Durand, Sainton, Rolleston, and Herrick 
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and Parkhuist, have emphasized the innocuousness of this condition and 
its fine prognostic import, both as to the outcome of the articular infec- 
tion and the general infection They and all the authors of textbooks 
consulted have stated that resolution is the only result to be expected, 
other sequelae being extremely rare Before piesenting 3 cases from 
this series in which the joints weie peimanently destroyed, a brief 
sumniaiy of reports of othei cases gathered from the literature 
will be given 

Heriick^® desciibed 1 case in which the wiist was involved, with 
necrosis of the base of the radius, and another in which orthopedic 
measures had to be used to lelieve a marked flexion contracture of the 
knee Netter and Durand said all their patients recovered unevent- 
fully, though 1 had an aithrotomy of the knee Sainton and Bosquet 
reported on a child with suppuration of the shoulder and knee, with 
ultimate destruction and ankylosis of the shoulder, despite suigical 
drainage Netter and Josias (quoted by Roger reported ankjdosis 
of the shoulder in an infant after arthrotomy Rogei reported a case 
of subacute suppurative meningococcic arthritis of the hip and knee in 
a young soldier, which went on to fibrous ankylosis of both joints, 
noted three years later This occuried despite the most careful after- 
tieatment, including attempts at early mobilization, traction, plaster 
immobilization, manipulation under anesthesia, early specific therapy and 
aspiration, the behavior being exactly like that when the joints are 
severely involved in gonorrhea Weill, Dufourt and Bocca^° reported 
a fatal case in an infant of 17 days who had suppuration of the left knee 
and sternoclaviculai joint, resulting in a large cervical abscess from 
which meningococci were cultured 

Case 3 — A 17 year old girl entered with a four day history of meningeal 
symptoms, found to be due to t 3 ^pical meningococcic meningitis, with accom- 
panying arthritis of the right wrist and left finger joints before entry Lumbar 
puncture confirmed the diagnosis, and the organisms were grown from the spinal 
fluid Neurologically the course was complicated by development of an encephalitic 
picture involving the midbrain, cerebellum and corpus striatum, with complete 
disorientation While the arthritis was somewhat overlooked in view of the 
neurologic aspects of the case, after two months severe disease was noted m the 
right hip and left elbow Both of these joints were permanently damaged She 
was transferred to another institution, where the hip was found to be fairly stiff, 
and the elbow became ankylosed after arthrotomj’- 

Case 12 — A 19 year old girl was admitted to the gynecologic service because 
of severe abdominal pain with chills On the second day meningitis appeared, 
with typical changes m the spinal fluid, and the patient was transferred to the 
medical service She was treated at once with lumbar puncture and antiserum 

27 Netter, A , and Durand, H Bull Acad de med , Pans 73 441 (April 
13) 1915 

28 Sainton, P , and Bosquet, J Bull et mem Soc med d hon de Pans 
40 344 (March 17) 1916 

29 Roger H Marseille-med 55 SOS 1918 
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intrathecally The arthritis began on the fifth daj', with severe pain and swelling 
in the wTist, which was huge She was treated after a time by plaster immobili- 
zation, but as the meningitis subsided, severe arthritis appeared in both elbow’s 
and the other wrist Fever therapy, transfusions and other treatment were gn on, 
but the course was stormy Little fluid appeared w'lthin the joints, the inflamma- 
tion being dry and periarticular After one hundred and three days the patient 
left the hospital with complete ankylosis of the right elbow and left wrist and 
partial ankylosis of the left elbow, all in satisfactory position (as placed in the 
original plaster splinting with the patient under anesthesia, when the joints w'eie 
destroyed) 

Comment — In case 12 theie was the most seveie menmgococcic 
infection of the joints which I have come acioss, and I was theieby 
stimulated to collect the mateiial for this papei The only tjpe of ther- 
apy the patient did not have which w’as available at that time was 
mtia-aiticulai injection of seium 

Case 23 (Dr R K Lippmann gave me pei mission to repoit this case) — 
A 48 year old woman, a graduate nuise, entered with typical signs of acute 
meningitis of one day’s duration Numerous petechiae were present Lumbar 
puncture confirmed this diagnosis by smear and culture, and specific therapy w^as 
begun with antiserum intrathecally and inti avenously On the fouith day after 
entry, W'hen the signs of meningeal involvement were subsiding, aithntis of the 
light knee appeared Serum sickness appeared on the seventh day The knee 
w'as aspirated, and culture and smear of the fluid revealed no meningococci 
Fever therapy was instituted, plus local diathermy for two treatments, as for 
treatment of a gonorrheal infection Involvement of the hip appeared in the sixth 
week, and traction was applied to prevent flexion of the knee Low grade involve- 
ment of the knee and hip with fever lasted until a cast was applied for relief 
of pain On re-entry, roentgenograms showed destructive changes in the femur 
ailld tibia at the knee and marked destruction of the head and neck of the femur 
A second plaster spica was applied to the hip and knee for two months, after 
which the pain was greatly diminished Subsequently, firm fibrous ankylosis of 
both joints resulted This became bony fusion after one year 

Comment — In addition to these cases, the seventy of menmgococcic 
invasion of joints is attested by the fact that in 6 cases aspiiation was 
necessaiy, in 4 cases splinting with ciicnlar or molded plaster splints 
was lesorted to and in 2 cases ti action tvas employed to correct flexion 
defoimity of the knee In only 1 case was antiserum injected mtia- 
aiticularly, as lecommended by Nettei and Dm and and by Sainton 

Death occuiied in 3 cases, piobably a lower mortality than foi the 
geneial series of cases of meningeal involvement In none did the 
aithiitis have any relation to an ultimate fatal outcome Indeed, this 
confiims the benign piognosis given m the liteiature as to the outcome 
of the geneial infection in patients who show the arthritic complication 
Othei associated complications were relatively few, there being 2 cases 
of iiidocychtis, 1 of encephalitis, 1 of deafness and 2 of acute otitis 
media 
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A significant finding is that all the moie seveie artictilai manifesta- 
tions occuried in peisons more than 12 yeais of age, including the 
cases in which ankylosis resulted and those in which oithopedic tieat- 
ment was requiied In children, then, the outcome of memngococcic 
arthritis is tiuly benign, but in adults it is by no means so 

It IS also of gieat therapeutic mteiest that in lecent series of cases 
of meningitis m which antitoxic antiseium (Hoyne) was given, there 
has been a lower incidence of complications in geneial and of arthritis 
in paiticulai, as well as a lowei mortality rate than in controlled series 
in which oidmaiy antiserum was employed Thus Tucker lepoited an 
epidemic in which oidinaiy antiseium theiapy in 16 cases lesulted in 
10 deaths, while antitoxin m the next 53 cases caused only 15 deaths 
He used it intravenously and leported only 1 case of memngococcic 
arthritis in the entiie series of 69 cases Similaily, Petty reported an 
epidemic of 95 cases, with a 65 pei cent moitahty and a low rate foi 
complications, with no menmgococcic aithritis It is possible, then, that 
the newer types of tieatment, including the use of antitoxic antiseium 
and possibly sulfanilamide, may change this picture and actually 
eliminate memngococcic aithritis, at any late m its ank} losing forms 

SUMMARY AND CONCLUSIONS 

A complete review of the hteiatuie on memngococcic aithiitis is 
presented, with an analysis of 23 cases fiom a large numbei of cases of 
memngococcic infection 

Classification is made, accoidmg to the ciiteiia of Heirick and 
Parkhuist, into three main groups (1) the early, often pi emeningitic, 
polyarthntic or arthialgic type of involvement, (2) the oidmaiy post- 
meningitic monoarthritic type, and (3) the type lesembhng serum 
sickness It is further pointed out that inteimediaiy and atypical types 
abound Illustiative cases aie presented 

The lesemblance of the pathologic and clinical pictuie in many cases 
to that of gonoiiheal and othei arthiitic disordeis is emphasized 

Wheieas in the literature the prognosis is said to be uniformly 
favorable ivith few exceptions (which are given), 3 of 23 cases are 
presented m which articulai destiuction and ankylosis eventually 
resulted, as well as others in which vaiious types of orthopedic treatment 
weie required 

The prognosis of the aiticulai complication is much bettei for 
children than for adults 

The possible effect of lecent refinements in the theiapy of meningo- 
coccic infections on prognosis and prophylaxis is pointed out, especially 
as regards the efficacy of memngococcic antitoxin (Hoyne) 

30 Tucker, W H Illinois M J 71 328 (April) 1937 

31 Petty, C R Kentucky M J 35 180 (April) 1937 
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The studies lepoited here deal with some of the alteiatioiis which 
take place in the maternal circulation during pregnancy The fiist part 
of the leport deals with observations bearing on the woik of the heait 
during pregnancy and is particularly concerned with the cardiac output, 
the second part desciibes certain physical signs reflecting the state 
of the ciiculation, the third part reports a study of the venous pressure 
m the pregnant woman, the fourth part deals with certain i elated obser- 
vations on animals and the final section discusses some of the mecha- 
nisms which underlie the phenomena observed A discussion of the 
more general aspects of the problem has been presented elsewhere ’• 

I THE OUTPUT OF THE HEART AND SOAIE 
RELATED OBSERVATIONS 

Although the eailier literature concerned with the ciiculation during 
pregnancy contains many statements to the effect that the amount of 
blood pumped by the heart must be increased, the first measurement was 
reported m 1915 by Lmdhard ^ This investigator, using the nitrous 
oxide method of Krogh and Lmdhard,® determined the cardiac output 

From the Department of Aledicine, Vanderbilt University School of Aledicine, 
Nashville, Tenn , the Department of Aledicine, Harvard Aledical School, and the 
Aledical Service of the Peter Bent Brigham Hospital, Boston 

1 Burwell, C S The Placenta as a Alodified Arteriovenous Fistula Con- 
sidered in Relation to the Circulatory Adjustments to Pregnancy, Am J AI Sc 
195 1, 1938 

2 Lmdhard, J Ueber das Alinutenvolum des Herzens bei Rube und bei 
Aluskelarbeit, Arch f d ges Physiol 161 233, 1915 

3 Krogh, A , and Lmdhard, J Aleasurements of the Blood Flow Through 
the Lungs of Alan, Skandinav Arch f Physiol 27 100, 1912 
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of a normal woman before, during and after pregnancy An increase 
m the output of about 50 per cent was observed during pregnancy, with 
a return to the previous level after delivery The significance of these 
observations was somewhat obscured by the presence of moderate!)^ 
severe anemia during the period when the output was increased 

Weiss ^ reported in 1924 a series of observations concerning cardiac 
work He measured the blood pressure as well as the cardiac output 
of 8 women during the last weeks of pregnancy These determinations 
were not repeated after delivery, the results were compared with 
“average” figures for nonpregnant women Weiss concluded that 
during this stage of pregnancy there are a normal blood pressure, an 
increase m the cardiac output of fiom 45 to 85 per cent and a diminished 
arteriovenous difference He used the nitrous oxide method m detei- 
mmmg the output 

Using the same method, Gammeltoft ° determined the cardiac out- 
put of several normal women during pregnancy and the puerperium 
One of these patients was studied on twelve occasions between the eighth 
and the thirty-ninth week of pregnancy A gradual rise m output until 
the thirty-third week was observed The values determined m the thirty- 
fifth, thirty-seventh and thirty-ninth weeks were somewhat lotver, and 
during this period the arteriovenous difference, which had been at its 
minimum (39 8 to 42 3 cc per htei) from the twenty-fourth to the 
thirty-third week, rose to nearly normal levels (46 7 to 57 cc per liter) 
The striking changes in these late weeks Gammeltoft attributed to the 
fact that the patient had given up work and was resting at home 

In 1928 Marshall and Grollman ® introduced the acetylene method 
for the determination of the cardiac output m man The relative sim- 
plicity of the cooperation required of the patient and the relative relia- 
bility of the method (at least as applied to resting patients) led to its 
application in many conditions, including pregnancy In 1932 Standei 
and Cadden ^ reported determinations of the cardiac output at various 
stages of pregnancy and the puerperium in 13 normal women and 4 
women with heart disease or nephritis For 4 of the normal women 
and 1 of the patients with nephritis, observations were made both befoie 
and after delivery On the basis of their observations these authors 
concluded that “from the fourth month of pregnancy to full term there 

4 Weiss, R Ueber die Mehrleistung des Herzens wahrend der Schwanger- 
schaft, Klin Wchnschr 3 106, 1924 

5 Gammeltoft, S A Recherches sur le debit cardiaque par minute pendant 
la grossesse, Compt rend Soc de biol 94 1099, 1926 

6 Marshall, E K , Jr , and Grollman, A A Method for the Determination of 
the Circulatory Minute Volume in Man, Am J Physiol 86 117, 1928 

7 Stander, H J, and Cadden, J F The Cardiac Output m Pregnant Women, 
Am J Obst & Gynec 24 13, 1932 
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js a stead}- increase in cardiac output amounting to o^er 50 pei cent of 
the normal \ alue ” 

Schmidt/ in 1932, made significant additions to the knowledge of 
the circulation in pregnancy by applying the Grollman procedure to the 
elucidation of certain specific problems He determined the cardiac out- 
put of 5 women before and after therapeutic abortion Although m 4 
of the cases the determinations were made only during the eaily months 
of pregnanc} (up to the third or fourth), m each case the cardiac output 
was higher during pregnancy than after abortion (33 to 67 per cent) 
The termination of pregnancy m these cases was advisable because of 
noncardiac disease, 3 of the patients haiing tuberculosis Five w^omen 
with vahular disease but without cardiac failure were studied in the 
same wai They w^ere observed m the second to the fourth month of 
pregnancy and after therapeutic abortion There w^as more variation 
in successne determinations for the same individuals m this group of 
patients than there was for a normal group Four of the 5 show^ed 
a cardiac output during pregnancy w'hich w^as 21 to 72 per cent greater 
than that observed after abortion The exception (the cardiac output 
aieraged 3 6 liters before and 3 5 liters after abortion) w'as a woman 
in the third month of pregnancy w'ho had aortic and mitral disease 
Schmidt also made some obsenations on the changes m cardiac output 
produced b} a given amount of exercise during early pregnancy and 
after deliver} Four women were studied during exercise, 2 of them 
ha^ ing vah ular disease but wuthout failure All 4 showed during preg- 
nancy a greater increase in cardiac output after exercise than they 
showed wdien similar exercise w^as undertaken after the uterus w^as 
emptied The method was modified for use with exercising patients, but 
there is nevertheless a larger possibility of error (due to recirculation) 
in the application of the acetylene method to the determination of cardiac 
output during exercise than m its use during rest ” 

Other contributions have been made by Liljestrand and Stenstrom 
and b} Haupt^^ 

To these obsen''ations of the cardiac output during pregnane} in 
w omen may be added the observations of Stander, Duncan and Sisson 

8 Schmidt, R H Ueber die Herzarbeit in der Fruhschwangerschaft in der 
Rube und nach Arbeitsversuchen, ^lonatschr f Geburtsh u Gjmak 90*83, 1932 

9 Grollman, A The Cardiac Output of Man in Health and Disease, Spring- 
field 111 , Charles C Thomas, Publisher, 1932 

10 Liljestrand, G, and Stenstrom, N Chmeal Studies on the Work of the 
Heart During Rest HI Blood Flow in Cases of Increased Artenal Blood 
Pressure, with Observations on the Influence of Pregnanej^ on the Blood Flow', 
Acta med Scandinav 63*142, 1925-1926 

11 Haupt, W Das iMinuten\ olumen des Herzens bei Wochnermnen, Arch f 
Ginak 132 33, 1927. 

12 Stander, H J , Duncan, E E , and Sisson, W E * Heart Output During 
Pregnanc}, Am J Obst & Gimec 11*44,1926 
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on dogs These obseiveis applied the direct Fick method desciibed by 
Marshall to the determination of the cardiac output of 2 bitches before, 
during and after pregnancy An increase m output was obseived that 
was comparable to that reported for women 

METHODS 

Four intelligent young women in the early months of pregnancy were selected, 
their cooperation was enlisted and they were trained as subjects Observations 
were begun in the third or fourth month of pregnancy and were repeated at intervals 
of two to SIX weeks throughout pregnancy and during the puerperium The cardiac 
output was determined by the acetylene method of Marshall and Grollman ® The 
two sample method was used, since at the time the studies were made the 
importance of the three sample method had not yet been emphasized by Grollman, 
Friedman, Clark and Harrison The usual standard “basal” conditions in regard 
to rest and food were observed, i e, the subject came to the laboratory at 8 a m, 
having taken no food during the previous twelve hours, and then rested in a semi- 
rechnmg position in a wheel chair for an hour previous to the test The oxygen 
consumption was measured by collecting the expired air in a large spirometer of 
the Tissot type and analyzing it (in duplicate samples) in a Haldane apparatus 
During the “basal” period the blood pressure and pulse rate were also recorded 
At the conclusion of the observations concerned with oxygen consumption and 
cardiac output, the vital capacity was measured 

At frequent intervals throughout pregnancy certain additional studies were 
made These included observations of physical signs, roentgenograms and electro- 
cardiograms and the determination of the erythrocyte and hemoglobin contents of 
the blood 

The histones are summaiized biiefly heiewith 

REPORT or CASES 

Case 1 — The patient, aged 27, Avas observed during her first pregnane}^ There 
was no history suggestive of heart disease or of attacks of rheumatic fever 
She was 147 cm tall and weighed 56 Kg On the initial examination the findings 
concerning her heart were as follows There was a forceful impulse The cardiac 
dulness extended 3 5 cm to the right and 8 cm to the left in the fifth space The 
sounds were loud There was a faint blowing systolic murmur at the apex but no 
diastolic murmur The blood pressure was 120 systolic and 86 diastolic During 
pregnancy she continued to exercise A month before delivery the apex was in 
the fourth space and well outside the midclavicular line The pulmonic second 
sound and the apical first sound appeared louder than previously The systolic 
murmur was a little louder Delivery was uneventful, and examination afterward 
revealed an apparently normal heart 

13 Marshall, E K , Jr Studies on the Cardiac Output of the Dog I The 
Cardiac Output of the Normal Unanesthetized Dog, Am J Physiol 77 459, 1926 

14 Grollman, A , Friedman, B , Clark, G, and Harrison, T R Studies in 
Congestive Heart Failure XXIH A Critical Study of Methods for Determining 
the Cardiac Output in Patients with Cardiac Disease, J Clin Investigation 12 
751, 1933 
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Case 2 — ^The patient, aged 25, was obser\ed during her first prcgnanc\ Her 
health had been good, but ten years before she was seen she had been in bed for 
a week with painful, swollen and tender joints There was a mild recurrence a 
year later Ten months before she was seen she was told by a plnsician that she 
had heart disease Physical examination at the eleventh week of pregnancj showed 
that she W'as of small stature and slender build Her height was 162 cm and her 
weight 47 2 Kg Examination of the heart show'ed a localired apex beat in the 
fifth interspace There was no thrill The sounds w’ere of good quality , and both 
the mitral first and the pulmonic second sound were loud A loud blowing systolic 
murmur was audible at the apex No diastolic muimur w'as heard After exercise 
the acceleration was not excessive, and slowing w'as prompt No CMdence of 
peripheral congestion W'as ever present A teleroentgenogram revealed a somewhat 
globular heart, with a total diameter of 12 cm , and a thoracic diameter of 24 cm 
No new signs developed during the remaining months of pregnancy except slight 
displacement of the heart After delivery the cardiac signs w'ere similar to those 
observed on the first examination At no time was a diastolic murmur heard or 
were any symptoms or signs of cardiac failure present The historj of rheumatism, 
the globular heart, the systolic murmur w'hich persisted after delnery and the 
possible slight enlargement of the heart w'ere interpreted as indicating mitral disease 
with regurgitation 

Case 3 — The patient, aged 24, w'as observed during her first pregnancy She had 
scarlet fever at 6 and frequent attacks of tonsillitis until 11 years of age She was 
a small, alert woman She was 158 cm tall and weighed 51 5 Ivg The heart was 
not enlarged, and the sounds were of good quality A systolic murmur was heard 
at both apex and base, being louder at the pulmonic area than elsewhere During 
the course of the pregnancy the apex beat became more vigorous and thrusting, and 
the sounds became louder No diastolic murmur was ever heard After delivery 
the apex beat was less forceful, the sounds W'ere less loud and the murmurs were 
diminished 

Case 4 — The patient, aged 24, was observed during her second pregnanejf She 
had had diphtheria at 12 years of age, but her health had been good except for 
recurrent attacks of migraine since the age of 14 She was a slender, rather tense 
w'oman She w'as 172 cm tall and w^eighed 60 8 Kg Examination of the heart 
show'ed a vigorous impulse, with a slight systolic thrill at the apex The heart was 
not enlarged There was a moderately loud, blowing systolic murmur, heard best 
at the apex and loudest late m systole It was also heard at the base The 
cardiac findings did not change materially except that evidence of overactivity 
became less marked just before delivery After delivery the systolic murmur 
was not heard 

In these notes concerning individual patients it will be observed that 
1 of the 4 exhibited signs interpreted as pointing to the presence of 
rheumatic initial disease with regurgitation, the others showed no signs 
that wreie accepted as evidence of the existence of heart disease 

RESULTS 

The results of observations in these 4 cases are summarized in 
tables 1 to 4 and in the case recoids Certain groups of findings may 
be selected foi comment 
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The Heait Rate — It has long been known that piegnancy is asso- 
ciated with elevation of the pulse rate and that delivery is followed by 
slowing In oui 4 patients the heart rate was observed under standard 
conditions Each figure in tables 1 to 4 represents an average of several 
thirty-second counts In table 5 is shown for each patient the average 



Fig 1 — The pulse rate from the fourth to the tenth month of pregnancy and 
in the puerperium 



Fig 2 — The blood pressures in the fourth to the tenth month of pregnancy 
and in the puerperium 

of all such counts during pregnancy compared with the average of counts 
made post partum In 3 of the 4 patients the basal pulse rate was from 
12 to 28 beats per minute higher during pregnancy than after its termina- 
tion In the fourth patient the situation was reveised The heart rate 
of 93 per minute recorded after delivery may have been influenced by 
the fact that she was observed only on the ninth and tenth days post 



Table 1 — Data for L E (case 1) 


Cardiac Output 
Arteno , ' 


Week 

of 

Oxjgen 

Con- 

sump- 

tion, 

Basal 

Meta- 

bolic 

venous 

Oxygen 

Difler 

ence. 

Liters 

Cc 

Liters 
per 100 
Cc of 
Oxj gen 

Liters 

per 

Sq 31 
of 

Rcspi 

ratorj 

3ital 

Capac 

Basal 

Pulse 

Bate 

Blood 

Pressure, 

Preg- 

Cc per Bate, 

Cc per 

per 

per 

Con 

Surface 

Quo 

it', 

per 

3Iin of 

nancj 

Minute 

% 

Liter 

Minute 

Beat 

sumed 

Area 

tient 

Cc 

3Iinutc 

3Iercur} 

13 

203 

+ 6 

44 8 

4 53 

50 0 

2 23 

3 0G 

0 7G 

2,G00 

SO 

12-4782 

15 

190 

— 1 

48 2 

3 94 

47 4 

2 07 

2 64 

0 78 

2,500 

8.3 

120/78 

19 

201 

+ 3 

49 0 

4 10 

51 2 

2 04 

2 09 

080 

2,500 

60 

112/70 

21 

183 

— G 

43 0 

4 20 

607 

2 33 

2 78 

0 84 

2,200 

84 

122/74 

24 

200 

+ 1 

48 G 

411 

48 9 

2 05 

2 67 

0 81 

2,400 

84 

104/60 

2G 

211 

+ 5 

47 5 

4 44 

49 9 

210 

288 

0 77 

2,400 

89 

118/72 

2S 

203 

+ 1 

53 5 

3 79 

41 2 

187 

2 43 

0 79 

2,300 

92 

106/75 

30 

20S 

+ 4 

33 5 

0 20 

721 

2 93 

3 97 

0 81 

2, COO 

66 


33 

222 

-MO 

52 7 

4 21 

54 7 

189 

2GS 

0 81 

77 

118/80 

35 

222 

+ 9 

718 

3 09 

401 

1 39 

1 97 

0 76 

2,700 

77 

100/05 

3G 

2-20 

+ 9 

5SG 

3 76 

43 7 

1 71 

238 

0 84 

2 600 

66 

115/83 

37 

217 

+ G 

67 0 

3 24 

391 

1 49 

2 05 

0 79 

2,500 

S3 

105/72 

3S 

211 

J- 3 

53 7 

3 93 

46 8 

1 86 

2 49 

0 70 

2,600 

84 

100/72 

39 

206 

+ 1 

77 8 

2 65 

31 2 

1 28 

1 G3 

0 81 

2,600 

2,500 

£5 

118/80 

40 

213 

+ 5 

5S 3 

3 G3 

41 5 

171 

2 29 

0 85 

88 

125/95 

Post 

partum 

1% 176 

— 7 

55 0 

3 20 

42 7 

182 

2 13 

0 88 

2,900 

75 

103/80 


175 

— 9 

48 4 

3 61 

48 8 

2 63 

2 40 

0 84 

2,900 

74 

110/84 

9 

177 

— 9 

51 6 

3 43 

47 6 

194 

224 

0 77 

2,700 

72 

112/80 


Table 2 — Data foi K E (case 2) 


Cardiac Output 

Arteno , • v 

Oxygen venous Liters Liters 


Week 

Of 

Con- 

sump- 

tion, 

Basal 

Meta- 

bolic 

Oxygen 

Biller 

ence. 

Liters 

Cc 

per 100 
Cc of 
Oxygen 

per 

Sq M 
of 

Bespi 

ratory 

Vital 

Capac 

Basal 

Pulse 

Bate 

Blood 

Pressure, 

Preg 

Cc per Bate, 

Cc per 

per 

per 

Con- 

Surface 

Quo 

ity, 

per 

Mm of 

nancy Minute 

% 

Liter 

Minute 

Beat 

sumed 

Area 

tient 

Cc 

Minute Mercury 

13 

176 

— 6 

51 5 

8 42 

33 2 

195 

2 31 

0 86 

2,900 

101 

110/65 

16 

167 

—12 

51 6 

3 26 

34 3 

195 

2 17 

0 84 

2,900 

95 

108/65 

19 

176 

— 9 

49 0 

3 59 

35 9 

2 04 

2 38 

0 80 

2,900 

100 

100/60 

21 

178 

— 9 

41 5 

4 30 

46 7 

2 41 

2 83 

0 80 

2,800 

92 

110/60 

23 

174 

—12 

33 7 

518 

48 4 

2 96 

3 36 

0 80 

2,900 

107 

108/68 

26 

189 

— 6 

57 3 

3 29 

33 2 

1 74 

2 08 

0 87 

3,000 

99 

114/62 

29 

191 

— 7 

34 3 

5 53 

55 3 

2 91 

3 45 

0 83 

3,000 

100 

110/70 

31 

186 

— 7 

29 9 

6 22 

57 7 

3 34 

386 

0 91 

3,000 

106 

110/61 

33 

188 

— 8 

31 3 

600 

57 8 

3 18 

3 70 

0 86 

2,900 

104 

98/56 

36 

201 

— 3 

374 

5 38 

56 0 

2 68 

3 32 

0 81 

2,900 

96 

112/72 

38 

204 

— 5 

53 2 

383 

43 4 

1 87 

2 33 

0 79 

2,800 

88 

122/68 

Post 

partum 

153 

-25 

49 8 

3 07 

34 9 

2 00 

193 

0 82 

2,800 

88 

118/62 

5V. 

138 

—28 

52 3 

2 64 

36 6 

191 

1 76 

0 83 

2,900 

72 

95/65 

32 ■ 

153 

—20 

517 

296 

37 0 

194 

1 98 

0 84 

3,000 

80 

112/70 


Table 3 — Data fo\ L F (case 3) 


Cardiac Output 
Arteno , * 


Week 

of 

Oxygen 

Con- 

sump- 

tion, 

Basal 

Meta 

bolic 

venous 

Ovygen 

Differ 

ence, 

Liters 

Cc 

Liters 
per 100 
Cc of 
Oxygen 

Liters 

per 

Sq M 
of 

Bespi 

ratory 

Vital 

Capac- 

Basal 

Pulse 

Bate 

Blood 

Pressure, 

Preg 

Cc per Rate, 

Cc per 

per 

per 

Con- 

Surface 

Quo 

itv, 

per 

Mm of 

nancy 

Minute 

% 

Liter 

Minute 

Beat 

sumed 

Area 

tient 

Cc 

Minute Mercury 

12 

164 

—15 

46 2 

3 55 

47 3 

216 

2 37 

0 78 

2,800 

75 

108/74 

15 

168 

—14 

431 

3 90 

51 3 

2 32 

2 57 

0 78 

2,600 

76 

104/66 

17 

159 

—19 

40 5 

3 92 

51 G 

2 46 

2 56 

0 79 

2,600 

76 

114/64 

22 

177 

—13 

30 7 

5 77 

76 9 

3 27 

3 65 

0 81 

2,000 

75 

106/GG 

24 

192 

— 6 

32 2 

5 96 

73 6 

311 

3 77 

0 79 

2,700 

81 

126/70 

27 

185 

— 9 

35 7 

518 

64 7 

280 

3 24 

082 

2 600 

SO 

115/62 

29 

195 

— 4 

371 

5 25 

52 0 

2 69 

3 28 

0 86 

2 500 

101 

llO/GO 


191 

— 6 

37 8 

5 05 

50 5 

2 64 

3 14 

0 SS 

2,400 

100 

lOS/60 

36 

214 

-u 3 

54 0 

3 96 

46 0 

185 

2 44 

OSO 

2,700 

86 

110/70 

37 

213 

JL 2 

42 8 

4 97 

59 2 

2 33 

3 03 

0 83 

2 700 

84 

113/63 


201 

— 3 

52 2 

3 S5 

44 2 

192 

2 36 

0 83 

2,700 

87 

110/80 

oO 

200 

— 3 

44 0 

4 55 

50 5 

2 07 

2 81 

0 84 

2,600 

90 

113/74 

Post 

partum 

2 163 

—16 

49 1 

3 32 

56 3 

2 04 

2 21 

0 77 

2,700 

59 

110/80 

i 

158 

—19 

44 4 

3 56 

49 4 

2 25 

2 34 

OSl 

2,800 

72 

112/80 





Table 4 — Data f 07 M JV {case 4) 


Cardiac Output 
Arterio , * 



Oxygen 


venous 



Liters 

Liters 






Con- 

Basal 

Oxygen 



per 100 

per 



Basal 


Week 

sump 

Meta 

Bifler 



Cc of 

Sa M 

Respi 

Vital 

Pulse 

Blood 

of 

tion, 

bolic 

ence, 

Liters 

Cc 

Oxygen 

of 

ratory 

Capac 

Kate 

Pressure, 

Preg 

Cc per Bate, 

Cc per 

per 

per 

Con 

Surface 

Quo 

ity. 

per 

Mm of 

nancy Minute 

% 

Liter 

Minute 

Beat 

sumed 

Area 

tient 

Cc 

Minute Mercury 

23 

211 

±0 

33 4 

6 32 

74 2 

300 

3 68 

099 

3,700 

4,100 

85 

115/65 

28 

207 

—7 

33 8 

612 

72 8 

2 95 

3 52 

0 81 

84 

130/76 

31 

207 

—9 

37 5 

5 52 

69 0 

2 67 

310 

0 83 

4,100 

80 

120/66 

3S 

225 

—5 

391 

5 75 

718 

2 56 

316 

0 77 

3,900 

80 

110/70 

39 

229 

—1 

48 9 

468 

57 8 

2 04 

2 59 

0 80 

4,100 

4,200 

80 

115/80 

40 

234 

+1 

50 8 

4 61 

57 6 

197 

2 55 

0 81 

SO 

126/86 

Post 










partum 











IVa 

220 

—4 

51 5 

4 27 

44 0 

194 

2 40 

0 81 


97 

128/83 


217 

—4 

52 5 

413 

46 9 

190 

2 32 

0 85 


88 

126/80 


Table 5 — Basal Heail Rate Dm mg and Afto Pregnancy^ 


Case 

During Pregnancy 

After Pregnaney 

1 

86 

74 

2 

98 

80 

3 

94 

66 

4 

82 

93 


* The average of all counts is recorded 



Fig 3 — ^The cardiac output in the fourth to the tenth month of pregnancy and 
in the puerperium 

partum, at which time lactation was causing- discomfort^® The aveiage 
of all counts for all 4 patients is charted by months in figure 1 In 
addition to the investigation of these patients, lecords of the pulse rates 
of 13 patients during the performance of abdominal cesarean section 
have been studied In 7, in spite of many influences which might have 
operated to increase the pulse rate, there was a critical drop of 10 beats 
per minute or more when the placental circulation was interrupted 

IS This patient’s heart -was reexamined under basal conditions on March 1, 
1938, by one of us (Dr Strayhorn) This was several years after the observations 
recorded in table 4 After thirty minutes of rest her blood pressure was 134 
systolic and 85 diastolic, her basal metabolic rate —5 per cent and her pulse rate 
76 This rate was definitely lower than the average she exhibited under similar 
conditions during pregnancy 
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The Blood Piessines — The arteiial blood piessure under standai'd 
conditions showed significant changes during pregnancy (fig 2) In 
compaiison with piessures obsened post partum, the diastolic pressuie 
manifested during pregnancy a greatei fall than the systolic, so that 
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PREGNANCY DELIVERY 


Fig 4 — The cardiac output (solid columns) and the total oxygen consumption 
(barred columns) during pregnancy and the puerperium 


A-V OIFFEBENCE 
CC PER LITER 



Fig 5 Arteriovenous differences in 4 women during pregnancy and the 
puerperium In this figure the horizontal line at 50 cc per litei indicates the 
approximate lower limit for the arteriovenous difference in normal nonpregnant 
women The hollow circles represent the values obtained in case 1 , the solid cades, 
those obtained in case 2 , the triangles, those obtained in case 3, and the crosses, 
those obtained in case 4 ^ 


the pulse piessuie ^rose A similar change was observed in a larger 
gioup of patients by Landt and Benjamin 


16 Landt, H, and Benjamin, J E Cardiod\ namic and Electrocardiogaphic 
Changes in Normal Pregnancj, Am Heart J 12 592, 1936 
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The Cardiac Output — The caidiac output during piegnancy, knowl- 
edge of which was the fiist object of these investigations, showed several 
significant changes Figure 3 represents graphically the average caidiac 
output for each month of pregnancy from the fourth onward and foi 
some months of the puerperium, the figures for all 4 of our subjects 
being utilized This curve shows an elevation beginning about the fifth 
month of pregnancy, a variable but persistently high level through the 
sixth, seventh, eighth and ninth months and a fall toward (but not to) 
the average level for nonpiegnant women during the last month of 
pregnane}'- 

In figure 4 the heights of the black columns indicate the individual 
measurements of cardiac output for 1 patient, these outputs show, in 
general, the same trend as the averages This figure also illustrates 
another point of importance The cardiac output is charted against the 
oxygen consumption, and it is strikingly apparent that the output of 
the heart was increased far out of proportion to the use m oxygen con- 


Table 6 — The Arteriovenous Oxygen Difference m Successive Periods 

of Piegnancy 


Case 

26th to S5th Week, 
Cc per Liter 

36th to 40th Week, 
Cc per Liter 

1 

518 

631 

2 

38 2 

45 8 

3 

36 8 

48 2 

4 

35 4 

48 3 

Average 

40 5 

509 


sumption A similar relation was found in the other subjects Such 
a disproportionate increase implies a diminution in the arteriovenous 
difference or oxygen utilization Figure 5 is a chart showing the artei lo- 
venous difference at each determination for all patients throughout the 
period of observation For each patient there was a fall m the arterio- 
venous difference during the period of highest output, and there was a 
use toward normal m the last weeks of pregnancy That this rise was 
a real event is indicated m table 6, where it appears that the average 
arteriovenous difference from the twenty-sixth to the thiity-fifth week 
of pregnancy was 40 5 cc per liter, while from the thiity-sixth to the 
fortieth week it was 50 9 cc per liter 

The fetus increases rapidly m size and weight during the last weeks 
of pregnancy, and the oxygen consumption of the mother continues its 
gradual rise (fig 6) Nevei tireless, the total cardiac output of the 
mother falls during this period This fall in output was first observed 
by Lmdhard,” who ascribed it to relative physical inactivity on the part 
of the mother It appeared in each of oui 4 patients, all of whom con- 
tinued to be active during the period when the low output was observed 
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It was not S} nchronous ith “li^liteiiing but did occui at about the 
period of pregnancy when changes in tlie protein content of the plasma 
indicate that concentration of the blood occui s Our o^^n obscr\ations 
offer no explanation of this phenomenon, but some recent studies of the 
circulating blood Aolume during piegnanc} in normal women by Thom- 



Fig 6 — The oxygen consumption in the fourth to the tenth month of pregnancy 
and in the puerpenum 



Fig 7 — The blood volumes m the fifth to the tenth month of pregnancy and in 
the puerpenum, drawn from the data of Thomson, Hirsheimer, Gibson and Evans 

son, Hirsheimei, Gibson and Evans may bear on the pioblem These 
obseivers, using the method of Gibson and Evans, studied 15 normal 

17 Plass, E D , and Bogert, L J Plasma Protein Variations in Normal and 
Toxemic Pregnancies, Bull Johns Hopkins Hosp 35 361, 1924 

IS Thomson, K J , Hirsheimer, A , Gibson, J G , II, and Evans, W A , Jr 
Studies on the Circulation of Pregnancy HI Blood Volume Changes in Normal 
Pregnant Women, Am J Obst & Gynec 36 48, 1938 

19 Gibson, J G, II, and Eians, W A, Jr Clinical Studies of the Blood 
Volume I Qinical Application of a Method Employing the Azo Dye “E\ans 
Blue” and the Spectrophotometer, J Clin Investigation 16*301, 1937 
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women, making repeated determinations during pregnancy The average 
increase in total blood volume during pregnancy was 42 per cent, and 
there was a fall toward the normal level dm mg the last weeks of preg- 
nancy In general, their curves for the volumes are similar to our curves 
for the output, as is shown m figure 7, which is based on data which these 
authors have generously permitted us to use m this way This shrink- 
age m the amount of fluid filling the vascular system may be a factor 
m the otherwise unexplained diminution of cardiac output during the 
last weeks of pregnancy 

Our observations concerning the cardiac output, even to the fall 
during the last weeks, are not out of harmony with the results of the 
careful studies of Cohen and Thomson concerning the velocity of 
blood flow during pregnancy 

Our records of the vital capacity showed only minoi fluctuations 
during pregnancy Thomson and Cohen,^^ in their study of a large 
number of patients, found that the vital capacity remained constant 
or increased slightly Tjie absence of striking diminution m the vital 
capacity is worthy of note, since it indicates that any marked alteration 
m this function is not to be dismissed as due to the piegnancy itself 
but may, on the other hand, be a relatively early sign of congestne 
heart failure 

SUMMARY 

Observations on the pulse rate, the systemic blood pressui e, the vital 
capacity, the arteriovenous difiference and the cardiac output were made 
for 4 women during the course of pregnancy and in the puerperium 
These primary observations may be summarized as follows 

1 The basal pulse rate is higher during pregnancy than after 
delivery, the basal blood pressure (particularly the diastolic phase) is 
lower during pregnancy than after its termination 

2 The cardiac output is increased, by as much as 50 pei cent or even 
more, during the period of maximum increase This increase is usually 
demonstrable by the thud or fourth month In the last weeks of preg- 
nancy there is a fall in the cardiac output toward normal, and after 
delivery it is within the limits usual for nonpregnant women 

3 The increase in output is greatei in proportion than the increase 
m oxygen consumption, therefoie the arteriovenous oxygen difiference 
IS diminished 

20 Cohen, M E, and Thomson, K J Studies on the Circulation in Preg- 
nancy I The Velocity of Blood Flow and Related Aspects of the Circulation in 
Normal Pregnant Women, J Clin Investigation 15 607, 1936 

21 Thomson, K J , and Cohen, M E Studies on the Circulation m Preg- 
nancy II Vital Capacity Observations m Normal Pregnant Women, Surg, 
Gynec & Obst 66 591, 1938 
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II THE PHYSICAL SIGNS IN THE CIRCULATORY SYSTEM 

During pregnancy most of the patients exhibited certain ph} sical 
signs which were not present post partuni These included a forceful 
apex beat, loud heart sounds and systolic murmurs These signs are 
comparable to those observed in patients with thyrotoxicosis or severe 
anemia, when they are also associated with an increased cardiac output 
The heart of the pregnant women is displaced upuard and lies more 



Fig 8 — Infra-red photograph of the abdomen of a pregnant woman, showing 
the distribution of superficial veins 

hoiizontally than usual The abdomen is distended, but its wall is not 
tense A bruit is audible over the uterus When well heard, this is a 
continuous niuimur with systolic accentuation The veins of the legs 
are distended, the veins of the neck may also appear prominent and a 
net\vork of veins may be seen over the abdomen Figure 8, from a 
photograph on a plate sensitive to infra-red rays, indicates the extent 
of this netwoik Its distribution resembles that observed when col- 
lateral circulation develops after interference with free flow through the 
inferior Aena cava 
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After delivery the heait rate diminishes, the murmurs disappear or 
dimmish, the bruit is no longer heard, the heart assumes its usual posi- 
tion and the veins return to their usual degree of filling and visibility 

III THE VENOUS PRESSURE IN ARM AND LEG 

The observations, referred to in part II, of changes m the number 
and the prominence of visible veins prompted a study of the pressure 
existing in various portions of the venous system of pregnant women 
Part of the material relating to these studies has been published by one 
of us 

The first observations on this point which were discovered m the 
literature were those of Runge,-^ published in 1924 Runge measured 
the venous pi essure m the antecubital vein and compared it to the pres- 
sure in the veins about the knee In nonpregnant women without cardiac 
disease these pressures were approximately equal In a number of preg- 
nant women he observed that even early in pregnancy the pressure m 
the veins of the knee was considerably higher than that m the veins of 
the arm He made a few observations on women with abdominal tumors 
and failed to find a compaiable elevation Accordingly, he concluded 
that the elevation of the venous pi essure m the legs of piegnant women 
is due to the large amount of blood which flows into the venous channels 
about the pelvis rather than to any obstiuction to the return of blood 
by the gravid uterus Some observations of pressures m the arms and 
legs under various ciicumstances have been published lecently by Ferris 
and Wilkins 

METHODS 

The venous pressure in our study was determined by the method of Moritz and 
von Taboraj-^s the side arm syringe being used, as suggested by Griffith, Chamber- 
lain and Kitchell The level of the right auricle was taken arbitrarily as 5 cm 
dorsal to the fourth costosternal junction, and this level was the zero point for all 
manometers All observations were made with the patient lying flat on her back 
The venous pressures were determined in the antecubital and femoral veins The 
location of the femoral vein was determined by its relation to the femoral artery, 

22 Burwell, C S A Comparison of the Pressures in Arm Veins and Femoral 
Veins, with Special Reference to the Changes During Pregnancy, Ann Int Med 
11 1305, 1938 

23 Runge, H Ueber den Venendrucks in Schwangerschaft, Geburt, und 
Wochenbett, Arch f Gynak 122 142, 1924 

24 Ferris, E B, Jr, and Wilkins, R W The Clinical Value of Comparative 
Measurements of the Pressure in the Femoral and Cubital Veins, Am Heart J 
13 431, 1937 

25 Moritz, F, and von Tabora, D Ueber eine Methode beim Menschen den 
Druck in oberflachhchen Venen exakt zu bestimmen, Deutsches Arch f klin Med 
98 475, 1910 

26 Griffith, G C , Chamberlain, C T , and Kitchell, JR A Simplified 
Apparatus for Direct Venous Pressure Determination Modified from Moritz and 
von Tabora, Am J M Sc 187 371 1934 
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and in most patients no difficultj ^\as encountered in entering it The sites of 
ecnipuncturc ^\erc aiKsthcti7cd \Mth procaine Indrochlonde 


RESULTS 

Since few similar studies on venous pressure have been made, it 
was neccssar}' to stud} the relation betw^een the ^enous piessuies in 

Tabli: 7 — The Venous Picssme m Ann and Leg 


1 cnous Pressure, 
Min of W'ntcr 


Condition of Patient 

t 

Arm 

Leg 

A Norm \1 circulntorv sisttm 



1 Psjchoneurosis 

74 

64 

2 Psjchoneurosis 

53 

58 

3 Obesity 

12 

90 

1 Ulcer of duodenum 

60 

£8 


4S 

48 

3 Hjsteria 

161 

141 

Ji Heart disease 



(a) Without failure 



C Hypertension (blood pressure 210/110) 

42 

41 

(blood pressure 212/140) 

48 

55 

r Mitral stenosis 

75 

72 

8 Arteriosclerosis 

76 

84 

(0) With failure and without ascites 



9 Hypertension 

182 

178 

(c) With failure and with ascites 



10 Aortic regurgitation and hjportension 

238 

269 

(d) Pericardial obstruction 



11 Constrictive pericarditis 

S20 

304 

12 Constrictive pencarditis 

200 

204 

13 Pericardial efiusion 

165 

167 

C Slcdiastinal tumor 



14 Lymphoma of superior mediastinum 

360 

60 

D Abdominal tumor 



lo Ovarian cyst (23 cm in diameter) 

167 

295 

1C Ovarian cyst, before operation 

85 

153 

Ovarian cyst, after operation 

112 

97 

17 Fibromyoma of uterus, before operation 

104 

274 

Pibromyoma of uterus, after operation 

66 

55 

U Ascites not due to heart disease 



IS Cirrhosis 

170 

250 

Cirrhosis, after removal of 10,500 ce 

00 

55 

19 Cirrhosis 

105 

140 

Cirrhosis, after removal of 5,000 cc 

88 

88 


the aim and leg of nonpregnant women, including those with certain 
conditions which are known to affect venous pressure locally or generally 
Table 7 presents the results for several groups of patients These 
figures indicate that in persons without heart disease or local venous 
obstruction, the venous pressures when measured under the conditions 
mentioned, rvith the subject in bed, are of the same general magnitude in 
the arm and in the leg \Adien a difference occurs it is usually the case 
that the pressure in the leg is higher, a point that requires further study 
In patients with heait disease but without congestive failure or pen- 
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cardial obstruction, the venous pressuies are similar in the arm and in 
the leg and are not elevated In patients with manifest congestive failure 
and m those with pericardial obstruction due to either scar or fluid, the 
pressure is elevated The amount of elevation in such cases is of the 
same general order in the arm and in the leg unless considerable accumu- 
lation of fluid occurs in the abdomen When ascites is present, the 
pressure in the leg may be higher than that in the arm 

When obstruction to venous flow is not cential"’' but at some 
peripheral point, the venous pressure may be altered locally and may 


Table 8 — Piessuie m the Veins vi Ann and Leg of Women 
Dm mg and Aftei Piegnancy 




Venous Pressure, 


Venous Pressure. 



Mm 

of Water 


Mm 

of Water 


Months of 



Time After 







Leg 

Case 

Pregnancy 

Arm 

Leg 

Beliicry 

Arm 

1 

3 

53 

78 

6 months 

65 

70 

2 

3*4 

77 

100 






50 

240 

Unknown 

108 

97 

8 

4 

102 

1G3 

5 months 


118 

4 

6% 

85 

154 





7% 

98 

175 




S 

7 

156 

203 




6 

7 

102 

232 




7 

m 

80 

145 




8 

8 

no 

201 

5 months 


102 

9 

8 

78 

ICl 

4 months 

108 

02 

10 

8 

102 

236 

10 days 

lOS 

72 

11 

8 

76 

200 




12 

8 

no 

215 




13 

8 

90 

170 

6 months 

30 

30 

14 

8% 

51 

183 

0 months 

89 

81 

15 

SVz 

145 

181 

7 days 

91 

87 

16 

m 

95 

220 

1 month 

no 

S5 

17 


138 

190 

6 weeks 

118 

97 

18 

SVa 

82 

188 

0 days 

102 

63 

19 

9 

02 

265 




20 

Near term 

55 

178 




21 

At term 

78 

198 




22 

At term 

82 

210 




23 




17 days 

48 

55 


differ widely in the arm and in the leg Examples aie given of a case 
of mediastinal tumor in which the pressure in the arm was highei than 
that in the leg and cases of intra-abdommal tumor and of large ascites in 
which the pressure in the leg was higher than that in the arm In 1 
patient with Laennec’s cirrhosis and large ascites ( 16 liters was removed 
by paracentesis), the pressure in the arm was elevated to 170 mm, 
while that in the leg was 250 mm After the paracentesis these pressuies 
were reduced to 60 and 55 mm, respectively It is piesumably undei 

27 Central obstruction is exemplified by failure of the right ventricle or 
obstructing pericardial disease 
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such conditjons, i e, a higher ^enous pressure in one area of the bod} 
than in another, that evidence of collateral circulation ma} de^clop 

With these observations in mind, we ina) proceed to a consideration 
of the \cnous pressures m the arms and legs of pregnant ^\omen 
lable 8 recoids 24 observations for 22 \\oiiien, figure 9 presents the 
same material graphically It is seen that b} the beginniiig of the 
second trimester of pregnancy theie is a use m the venous pressine 
of the leg and that this elevation persists and even increases thioughout 
picgnancy It may be added that m 1 woman, nho was observed 
repeatedly during the last two weeks of piegnanc}, the venous piessuie 
lemained high until deh\er} and then fell abiupth to noimal Theie 
was no change in the cur\e of femoral piessuie compaiable to that 



e \Z 16 20 2« 26 32 36 40 4 6 12 — 16 — 24 

WEEKS OELIVERV 


Fig 9 — The pressure m the femoral \ein and in a \em of the arm during 
pregnancj and the puerpenum 

observed in the curve of the cardiac output in the last weeks of 
pi egnancy 

The factors which may cause changes in the pressure in the femoial 
\ein m nonpiegnant persons are many These factors include ascites 
01 other causes of inci eased intia-abdominal piessure as well as pressure 
fioin adjacent stiuctures on intra-abdominal \eins Furthei work is 
required to identify and evaluate these factors The point at issue here, 
howetei, seems clear, viz , there is during pregnancy a significant eleva- 
tion of the pressure in the femoral vein as coinpaied with the venous 
pressure m the aim or with the femoral pressuie in the same patient 
post partuin 
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SUMMARY 

The observations on venous pressures m pregnant women may be 
summarized as follows 

1 Venous pressures are nearly the same m the arm and m the leg 
m supine persons, both normal persons and patients with cential obstruc- 
tion, leading to general elevation of the venous pressure 

2 Differences between these pressures may exist when there is a 
condition affecting the venous return from a part of the body, such as 
a mediastinal or pelvic tumor 

3 In pregnant women by the beginning of the second trimester the 
pressure m the leg is notably higher than that in the arm It con- 
tinues high throughout pregnancy, but after delivery it is found to be 
no higher than the pressure in the arm 

IV RELATED OBSERVATIONS FOR ANIMALS 

Stander, Duncan and Sisson observed in pregnant bitches an 
increase m cardiac output comparable to that found in pregnant women 
This observation suggested the application to these animals of some of 
the methods applied to the study of the circulation in pregnant women 
A study was made of the pressure in the jugular, femoial and uterine 
veins of pregnant bitches Observations were made with the animals 
supine and under barbital anesthesia It should be emphasized that 
observations on pregnant animals cannot be applied directly to the prob- 
lem in human beings, because of the difference in the structure of the 
placenta m various species Such obseivations may, however, be intei- 
preted m broad terms The pressures observed under various circum- 
stances aie summaiized in table 9 

It was observed first that the pressuie m the femoial vein of the 
pregnant animals was higher than that in the jugular vein and that the 
difference was comparable to that observed between the femoral and 
the antecubital pressuie in pregnant women This difference between 
the pressures m the veins of the neck and leg was diminished oi absent 
post partum 

When the abdomen of pregnant bitches was opened by a long inci- 
sion the pressure in the femoral vein did not alter , therefore, the high 
venous pressure m the legs of these animals was not due to an increase 
in general abdominal pressure When the gravid uterus was lifted from 
its normal position m the abdomen and supported so that it no longer 
pressed on the great veins, the pressure in the femoral vein fell but 
usually remained above the pressuie in the jugulai vein When the 
uterus was removed and its vascular connections were severed, the 
pressure in the femoral vein approached that of the jugular vein 
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After the abdomen was opened it %\as possible in these annn.ils to 
study also the veins running in the broad ligaments and appaicnth 
draining the uterine wall and the placental sites These ^\ele laige, 
firm veins, m which the blood was obviously under relatively high pies- 
sure These pressures were found to be sometimes as much as 100 mm 
higher than the femoral pressure in the same animal 

Further observations weie made concerning the relation of general 
abdominal pressure and venous pressuie in the leg Dogs (nonpveg- 


Table 9 — Venous Picssuie ut Jugular, Femoial and Utcunc Vans 

of Picgnani BtfcJics*' 




Pressure, Mm of Water 




Initial 

Abdomen 

uterus 

uterus 

Animal 

Vein 

Pressure 

Opened 

Lifted Up Remored 


I’emoral 

130 

130 

SO 

SO 


Uterine 



130 



Jugular 

25 

25 

25 

25 

5 

remoral 

j20 

no 

105 

52 


Uterine 



100 140 



Jugular 

30 

22 

35 

30 

c 

Femoral 

118 

130 

75 

65 


Uterine 


240 




Jugular 

20 

10 

5 

0 

8 

Femoral 

75 

65 

45 

14 


Jugular 

16 

15 

15 

8 

X 

Femoral 

143 

120 

85 



Uterine 



ICS 



Inferior vena cava 

40 

40 

40 


Y 

Femoral 

100 

90 

CO 



Uterine 



120 


Z 

Femoral 


140 

CO 

00 


Uterine 


280 



9 

Femoral 

105 

105 

o5 

30 


Jugular 

58 

58 

38 


11 

Femoral 


130 

70 

40 


Jugular 


5 

10 

10 

14 

Femoral 

140 

135 

90 

15 


Jugular 

2 

—2 

— 5 

—10 

13 

Femoral, before delivery 

155 





Femoral, 10 days after delivery 

65 




7 

15 hours post partum 






Femoral 

CO 





Uterine 

CO 





Jugular 

15 





* Measurements yero made mth the dog, under harbital anesthesia, lying on its bacL 
The Zero points of the manometers ■were at the le'tel of the npe"^ impulse 


nant) weie anesthetized and placed in the doisal position on the table 
The femoial and jugular veins and the abdominal cavity were connected 
to manometeis filled with physiologic solution of sodium chloride Then 
normal solution of sodium chlonde was introduced into the abdomen 
through a tiocar, and the effects of successive injections were observed 
An example of these experiments is given in table 10 The following 
results were noted 1 The venous pressure in the leg does not rise 
with the injection of fluid into the peritoneal cavity until the general 
intra-abdominal pi essure begins to go up 2 When the venous pressure 
in the leg and the intra-abdominal pressuie (which ha\e risen together) 
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reach a height compaiable to the femoral pressure in piegnant animals 
(or women), the abdominal wall is tense Conversely, the abdominal 
wall of the pregnant bitch or pregnant woman is not tense even though 
the femoral pressure is high 3 The jugular pressure may rise slightly 

Table 10 — Venous Piessme m Fenwral and Jugular Veins m Relation to 
Elevated Abdominal Pi assure in Dogs 


Experiment 

No 

1 


2 


4 


Cc of Saline Solution 

intn — 

Pressure, Mm of Water 


Peritoneal Caxity 

Intra Abdpmiml 

Pemoral Vein 

Jugular Vein 

/O 

1,170 

55 

35 

56 


1,600 

82 

82 


2,000 

no 

109 


2,400 

3,000 

155 

101 


212 

212 


0 


12 

22 

1,330 

75 

SO 

10 

1,590 

£5 

75 

11 

2,190 

135 


23 

2,590 

185 


23 

2,893 

270 


30 

3 040 

310 

320 

45 

3,190 

355 

SCO 

43 

n 


12 

22 

2,800 

130 

140 

30 

3,200 

3 600 

205 

220 

28 

300 

310 

23 

4 200 

400 

405 

32 

4,'00 

4,70'' 

565 

575 

35 

050 

060 

35 

0 


2 

— 1 

300 


+ 0 

— 3 

800 

+ 20 

+ 37 

— 2 

1,400 

+ 60 

+ 72 

± 0 

2,000 

2,600 

+145 

+148 

~ 1 

270 

270 

— 1 

2,800 

345 

342 

+ 2 

3,000 

410 

410 

4 

3,200 

490 

495 

+11 

3,300 

525 

525 

+12 

411 fluid removed from abdomen 

0 

+ 8 


* The scales tvere set so that the zero point was at the le\cl of tlie apex beat 


Table 11 — Compaiison of Oxygen Content of Blood Diazvn from Aitenes, 
Utciine Veins and Right Side of Heait in Piegnant Bitches 


Oxygen Content, Vol % 



Blood from 

Blood from 


Dog 

Bight Side of Heart 

Uterine Vein 

Arterial Blood 

X 

8 77 

9 44 

13 60 

14 

6 30 

7 50 

910 

15 

11 28 

12 48 

15 90 

HI 

10 81 

9 03 

17 64 



12 17 




15 07 



when a large amount of fluid has been injected into the abdomen and 
the abdominal pressuie is high 

Blood was taken from a small number of the distended veins near 
the placenta, and the oxygen content was determined Table 11 indi- 
cates that blood from the veins diaining the uterus and placenta usually 
contains more oxygen than does blood from the right ventricle (mixed 
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venous blood), i e, the arteno\enous difference in blood lioin this 
area is small Dog HI also showed that there may be considerable %ana- 
tion m the oxygen saturation of maternal blood leaMug the uteius 
Bai croft,'® m moie extensne obser\ations on piegnant rabbits, obser\ed 
that early m pregnancy there was a relatively high oxygen saturation 
of the blood leaving the placental site As pregnancy ad\anced the 
oxygen saturation of this blood diminished, and just before delivery it 
was low Barcroft also pointed out that in a number of othei animals 
the satuiation of the blood going to the fetus is higher than that of 
noi mal mixed ^ enous blood The variation m the tension observed by us 
may be due to the stage of pregnancy (not always known) or to the 
obvious difficulty of being suie that a given vem is actually draining 
the placenta 

SUMMARY 

These observations on animals may be summarized as follows 

1 Pressure m the femoral veins is elevated during pregnancy, that 
111 the uteime veins is higher than that in the femoral veins 

2 These changes aie not due to an inciease m general mtra- 
abdoinmal pressure 

3 The fenioial piessuie may be loweied if the uteius is elevated 
and supported, it may be further lowered if the uterus is excised and 
Its vascular connections are seveied 

4 Blood f 1 om the veins draining the pregnant utei us tends to exhibit 
an oxygen content that is high m relation to that of the blood m the 
light ventiicle 

I^IECHANISMS OF THE CHANGES IN THE CIRCULATION 
DURING PREGNANCY 

The chief alterations observed in the maternal circulation during 
pregnancy are as follows (1) an increase m the total cardiac output 
per minute, (2) a decrease m the arteriovenous difference, (3) a rise 
111 the piessuie m certain veins, (4) a loud murmur over the placenta 
and (5) an mciease in pulse rate and pulse piessure To these obser- 
vations of our own may be added those of Thomson and his colleagues, 
alieady referred to, concerning an increase m the total blood volume 
An acceptable undei standing of the underlying mechanisms should offer 
a general explanation of these phenomena 

We may consider first the mechanisms concerned with the eleiation 
of venous pressure in the legs The piessure exerted by the blood in 
ail} Aem is dependent paitl} on the resistance to its outflow and partly 
on the amount and the piessure of the blood flownng m Comparison 
with data for patients with a solid or cystic tumor of the pelvis sug- 

28 Barcroft, J Fetal Circulation and Respiration, PI 13 S 10 I Rei 16.103, 1936 
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gests that an important factor in the rise of venous piessure is inter- 
ference •with venous flow by the pressure of the enlarging uterus 
Certain considerations, however, lead us to inquire whether the factor of 
increased flow into the venous reservoir, a factor considered by Runge 
of prime importance, is not also operative These considerations include 
the extent of the elevation of the pressure m the uterine veins as com- 
pared with that in the femoral veins and the size and the number of the 
uterine vessels These vessels are obviously capable of transporting a 
large volume of blood per minute Moreover, the observations on 
pregnant animals concerning the effects of changing the position of 
the uterus suggest that the factor of obstruction is not the only one 
It may be concluded that there are two factors concerned with the high 
pressures m the femoral veins (1) obstruction by the enlarging uterus 
and (2) increased flow into the veins of the region 

The striking changes in the quantitative aspects of blood flow are 
now to be considered In pregnancy one is dealing with a parasitic 
organism (the fetus) which requires the benefits of blood supply More- 
over, as Barcroft has pointed out, this organismi is not irrigated directly 
with maternal blood but carries on its gaseous metabolism by a rela- 
tively inefficient “relay ” It is therefore to be expected that a large 
volume of maternal blood should flow through the placenta per unit 
of time 

In such an intricate series of events as those of the pregnant state, 
there may be many influences playing on the ciiculation Among the 
other factors which have been thought to influence the circulation during 
pregnancy, the activity of the maternal thyroid gland is to be considered 
The present evidence appears to indicate that increased thyroid function 
IS at most only a minor factoi m the circulatory changes of normal 
pregnancy 

When one considers the changes in circulation other than those 
associated with the obstruction, it is apparent that they are in many 
lespects similar to the changes observed in the ciiculation of patients 
with a large arteriovenous connection or a fistula 

Alterations in the circulation of patients with an arteriovenous 
connection have been studied by Halsted , Reid , Lewis and Drury , 

29 Halsted, W S Congenital Arterio-Venous and Lymphatico- Venous 
Fistulae Unique Qimcal and Experimental Observation, Proc Nat Acad Sc 
5 76, 1919 

30 Reid, M R The Effect of Arteriovenous Fistula upon the Heart and 
Blood Vessels, Bull Johns Hopkins Hosp 31 43, 1920 

31 Le-wis, T, and Drury, A N Observations Relating to Arterio-Venous 
Aneurism I Circulatory Manifestations in Clinical Cases with Particular 
Reference to the Arterial Phenomena of Aortic Regurgitation, H Immediate 
Effects of an Arterio-Venous Anastomosis on the Dog’s Circulation, Heart 10 301, 
1923 
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Haiiison, Dock and Holman , Matas, Bio\mi , Ellis and Weiss , 
Smith , Laplace, Kennedy and Bm^\ell,^® and others Such patients 
ma} exhibit (1) tachycardia, (2) an inci eased pulse piessuie (which 
may be associated with peripheial signs comparable to those in patients 
with aoitic leguigitation) , (3) an increase m the cardiac output pei 
minute, (4) a decrease m the arteriovenous oxygen difierence (because 
the cardiac output is increased moie than the oxygen consumption) , 
(5) a continuous biuit, with systolic accentuation, heard m the legioii 
of the fistula, (6) an elevated piessuie in the veins adjacent to the 
fistula, (7) a higliei oxygen satuiation of the blood in such veins than 
111 the mixed venous blood, and (8) an increase m the total blood volume 
Each of these phenomena has been shown by the observations here 
1 epoi ted 01 quoted to be present m pregnant women, although not alwa 3 ^s 
in as maiked degiee as m patients with an arteriovenous fistula These 
similaiities suggest that one of the mechanisms conceined with the 
ciiculatoiy changes in the pregnant woman is an arteriovenous shunt 
similai to that which exists in an ai teriovenous fistula It is true that 
the changes in the pulse (collapsing pulse and increased pulse piessuie) 
aie less maiked in the pregnant woman than m patients with a laige 
diiect aiteiiovenous connection, but they are present, and the other 
manifestations occur in the two conditions in sti iking paiallelism 
It is now necessaiy to considei whether the stiuctuie of the human 
placenta is compatible with the hypothesis that an arteiiovenous shunt 
occurs within it An instinctive and lecent desciiption of the vascular sys- 
tem of the placenta is that of Spanner In this admirable treatise he has 
pointed out that in the placenta lelatively large aiteiies connect with 
1 datively large veins thiough laige vascular spaces and without the 
intei position of arterioles oi capillaries Seveial hundred arteiies (about 
500), with a teiminal diametei avei aging 015 mm, empty directly 

32 Harrison, T R , Dock, W , and Holman, E Experimental Studies m 
Arterio-Venous Fistulae Cardiac Output, Heart II 337, 1924 

33 Matas, R On the S 3 ’^stemic or Cardiovascular Effects of Arteriovenous 
Fistulae, Internat Chn 2 58, 1925 

34 Brown, G E Abnormal Arteriovenous Communications Diagnosed from 
the Oxj'gen Content of the Blood of Regional Veins, Arch Surg 18 807 (kfarch) 
1929 

35 Ellis, L B , and Weiss, S The Local and Systemic Effects of Arterio- 
Venous Fistula on the Circulation m Man, Am Heart J 5 635, 1929 

36 Smith, C Circulation in Arteriovenous Aneurj^sm Before and After Opera- 
tion, Arch Int Med 48 187 (Aug ) 1931 

37 Laplace, L B Observations on the Effect of an Arteriovenous Fistula on 
the Human Circulation, Am J M Sc 189 497, 1935 

38 Keniiedj% J A , and Burwell, C S Venous Pressures, Cardiac Output and 
Blood Volume in Arteriovenous Fistula, J Chn Investigation 16 671, 1937 

39 Spanner, R Iilutterlicher und kmdhcher Kreislauf der menschlichen Pla- 
centa iind Strombahnen, Ztschr f Anat u Entwcklngsgesch 105 163, 1936 
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(like the nozzles of garden hose) into the intervillous space An illus- 
tration of these arteiies, taken by pei mission fiom Spanner’s article, is 
shown in figure 10 This figure not only shows the aitery and the 
manner of its termination m the intei villous space but also presents 
another finding of great intei est It was pointed out by Halsted that 
in the case of an arteiiovenous fistula, the arteiy dilates proximal to the 
point of leakage into the area of lower pressure The arteiies m the 



Fig lU — terminal arteries of the placenta emptying into the intravillous space 
(from Spanner) 


placenta which empty into the intervillous space also aie dilated for a 
short distance proximal to the point of emptying 

According to Spanner, blood escapes fiom the intervillous space by 
flowing into the marginal sinus thiough relatively wide openings The 
structure of the maternal vascular system in the placenta thus offers a 
connection between arteiies and veins which has both similaiities to 
and differences from a simple arteriovenous shunt The similaiities have 
been pointed out The differances, m the mam, are two First, between 
artery and vein theie aie interposed the tortuous channels of the inter- 
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villous space, and these channels are filled AMth blood Second, some of 
the venous blood flowing from the placenta enters a \eiious reser\on 
in which the pressuie is alread} high because of the obstruction oftered 
b}' the uterus to the venous return from the legs and the pelvic region 
It IS possible to conceive that these two factors may influence the 
manner and the extent of the leakage of blood and piessure through the 
placenta and therefore the degree to ^^hlch the circulation of the preg- 
nant woman presents the changes characteristic of the presence of an 
aiteriovenous fistula 

The changes m both the pregnant woman and the patient \Mth an 
aiteriovenous fistula may be shown by the application of an appropiiate 
formula (e g , Bainbndge’s ■*“) to inciease the \\ork of the heart This 
increased buiden is continuous, like that in cases of ^alvular disease or 
thyiotoxicosis, and is not discontinuous, like that brought about In 
physical exertion Its importance in patients with heart disease is obvious 
The disadvantages of the increase m venous pressuie in the legs aie 
also obvious in their relation to edema and varicosities 

SUMMARY AND CONCLUSIONS 

The chief alterations m the circulation of pregnant nomen are as 
follows 

1 An increased cardiac output per minute 

2 A decrease in the arteriovenous difference 

3 A rise in the pressure in the veins of the lower extremities 

4 An increase m pulse rate and pulse pressure 

5 A loud bruit over tlie site of the placenta 

6 An increase in total blood volume 

The demonstrated phenomena of the circulation in pregnant women 
and pregnant animals, plus the available knowledge concerning the 
structure of the placenta, lead to the conclusion that the changes m the 
ciiculation during pregnancy are in the mam to be ascribed to two 
mechanisms (1) an arteriovenous leak through the placenta and (2) 
an obstiuction to venous return by the enlarged uterus 

40 Bambndge, F A The PhysIolog^ of Aluscular Exercise, ed 3, London, 
Longmans, Green & Co , 1931 
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REPORT or A CASE 

EDWARD S MILLS, MD 

MONTREAL, CANADA 

Thalassanemia is a rare disease in Montreal The following case 
IS the first and only one reported from the wards of three of the largest 
hospitals in this city, which in 1937 had an estimated population of 

885.000, of which 25,514 were Greeks, Syrians and Italians The case 
IS of further interest in that the character of the cutaneous pigmentation 
and the changes m the blood and bone marrow diverged somewhat fiom 
those recoided in classic desciiptions of the disease 

REPORT or CASE 

The patient, a girl aged 13 months, of Greek parentage, was admitted to the 
Children’s Memorial Hospital on July 13, 1936, because of an infection of the upper 
respiratory tract and vomiting of one week’s duration The parents stated that 
the yellowness of the skin had been present since one month after birth The 
food had consisted almost entirely of modified cow’s milk 

Two of the child’s brothers had died after a prolonged illness characterized 
by slight icterus and anemia Five other children in the family were alive and 
well 

Physical Examination — Physical examination on entry showed that the child 
was underdeveloped and undernourished and was unable to sit up She was the 
size of an 8 month old baby The skin was yellowish brown, the pigmentation 
being evenly distributed over the entire body The conjunctivas were swollen and 
pale and the scleras pearly blue The heart was considerably enlarged both to 
the right and to the left but was free from murmurs The liver extended 4 
fingerbreadths and the spleen 2 fingerbreadths below the costal margin There 
was no epiphyseal flaring or other evidence of rickets Physical examination was 
otherwise unimportant 

Laboratory Examination — Urinalysis showed no albumin, casts, sugar or pig- 
ment The urobilinogen content was normal The Wassermann test of the blood 
gave a negative reaction The Mantoux test (1 1,000) gave a negative reaction 
The van den Beigh test showed 2 units of bilirubin The value for total proteins 
in the blood was 5 74 per cent (albumin, 42 per cent, globulin, 14 per cent, 
fibrinogen, 0 14 per cent) After an Ewald meal, all fractions of the gastric 
contents contained free hydrochloric acid, with the maximum acidity m sixty 
minutes The total acidity was 44 The blood count showed red blood cells, 

810.000, hemoglobin, 15 per cent, white blood cells, 21,400, polymorphonuclears, 
32 per cent, lymphocytes, 47 per cent, monocytes, 10 per cent, basophils, 1 per 
cent, myelocytes, 2 per cent, normoblasts, 6 per cent, and reticulocytds, 4 5 per cent 
The platelet count was 208,000 Smears showed marked microcytosis, with many 

From the Children’s Memorial Hospital 
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fasochromic and stippled cells There were rare macrocytes The fragihtj test 
showed beginning hemolysis with 045 per cent solution of sodium chloride and 
complete hemolysis with 0 25 per cent solution No sickle cells were present 

Roentgenograms were made of the skull, ribs and long bones The heart was 
shown to be greatly enlarged in all diameters, particularly the left auricle The 
roentgenograms of the skull showed indefinite thickening of the frontal and parietal 
bones but no ray formation The long bones of the arms and legs had thin 
cortices with a somewhat expanded appearance Ossification was normal 

Biopsy of a specimen from a rib showed a dark red, very cellular marrow 
with widened trabecular spaces Histologically the predominating cell was a large 
immature nongranular cell with a large vesicular nucleus Many of these cells 



Fig 1 — A photograph taken on July 21, 1936, when the patient was 13 months 
old The protuberant abdomen is notable 

showed karyokinesis Between these foci of immature cells were areas of normal 
myeloid activity, but maturing erythrocjdes were relativelj'' scarce No foam cells 
were noted 

An electrocardiogram showed sinus arrhj’^thmia, with preponderance of the right 
ventricle 

Com sc — The child showed considerable improvement as a result of repeated 
transfusions and general hospital care The temperature showed a dail} fluctuation 
between normal and 100 F She gained m weight and strength, and her color 
improved On September 18 the hemogram showed red blood cells, 2,540,000 , 
hemoglobin, 40 per cent, reticulocytes, 9 9 per cent, white blood cells, 8,600, 
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polymorphonuclears, 57 per cent, lymphocytes, 39 per cent, monocytes, 2 per 
cent, basophils, 1 per cent, eosinophils, 1 per cent, and normoblasts, 7 per cent No 
change occurred in the cardiac enlargement or in the roentgenographic appearance 
of the bones She was discharged on December 14 

Second Admission fo the Hospital — On Jan 15, 1937, the patient leentered the 
hospital because of another infection of the upper respiratory tract In the interval 
she had gained in both weight and strength, although there was little change in 
the pigmentation of the skin or in the degree of anemia The liver and spleen 
were still palpable though no larger Cardiac enlargement was again noted 

A blood count, made on January 19, showed red blood cells, 2,050,000, 
hemoglobin, 32 per cent, white blood cells, 9,150, normoblasts, 4 per cent, reticulo- 
cytes, 2 9 per cent , polymorphonuclears, 51 per cent , lymphocytes, 34 per cent , 
eosinophils, 4 per cent, and monocytes, 11 per cent There were 188,000 platelets 
The fragility test showed beginning hemolysis with 0 375 per cent solution of 
sodium chloride and complete hemolysis with 0 25 per cent solution 



Fig 2 — A photograph taken on June 8, 1937, when the child was 26 months 
old The facies was not that of mongolism, although there was deep pigmentation 

She was discharged on February 18 

Thud Admission to the Hospital— On March 8, 1937, the patient reentered 
the hospital At this time slightly enlarged lymph nodes were noted in the inguinal 
and in the anterior and posterior cervical regions The heart was still greatly 
enlarged The liver and spleen extended about 2 inches (5 cm ) below the costal 
margin There was slightly more brownish pigmentation of the skin 

A blood count showed red blood cells, 1,180,000 , hemoglobin, 25 per cent, and 
white blood cells, 22,000 After one blood transfusion the blood count showed 
red blood cells, 3,070,000, hemoglobin, 30 per cent, white blood cells, 10,900, 
reticulocytes, 3 2 per cent, normoblasts, 2 per cent, polymorphonuclears, 43 per 
cent , lymphocytes, 40 per cent , monocytes, 7 per cent , eosinophils, 2 per cent , 
myelocytes, 4 per cent , metamyelocytes, 3 per cent, and basophils, 1 per cent There 
were 116,000 platelets A fragility test showed beginnjing hemolysis with 0 325 per 
cent solution of sodium chloride and complete hemolysis with 0 25 per cent solution 
Marked variation in the size, shape and staining of the red blood cells was again 
noted Macrocytes, many microcytes and basochrnmic and stippled cells were 
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present The ^an den Beigh test showed 1 unit of bilirubin, and jrobihnogen on 
three occasions was noted as less than 1 to 10 dilution 

Clinical Course — During the summer the pigmentation of the skin became 
extreme, partly because of exposure to the sun The child appeared to grow 
normally (height and w^eight), but the temperature show'ed a dail} eIe\ation to 
about 101 F Various therapeutic agents w'cre employed in an attempt to control 
the anemia Liver extract and various preparations of iron alone and combined 
w'lth copper or with liver extract were tried without much success A definite 
though submaximal reticulocyte response followed parenteral administration of li\er 
extract, reaching a maximum of 8 4 per cent from an initial le\cl of 5 9 per cent 



Fig 3 A roentgenogram of the skull made on July 14, 1936 The outer table 
appears fairly cleancut 


However, in spite of this and repeated transfusions, the degree of anemia increased 
On October 4 the red blood cell count was 1,150,000 and the hemoglobin value 
1/ per cent The leukocyte count varied from 9,000 to 13,000, the reticulocj tes 
from 6 to 9 per cent and the normoblasts from 1 to 10 per cent The v an den Bergh 
test again showed 1 unit of bilirubin and urobilinogen was alwa}"s noted in a 
dilution of less than 1 to 10 No increase in the size of the liver or spleen over that 
noted on entrv had occurred 

Roentgenograms of the skull and long bones, taken at various intervals, showed 
progressive enlargement of the marrow cavitv and thinning of the cortex but rav 
formation was not seen in the skull One other negative feature deserves recog- 
nition The changes in the bones of the face were never sufncientlv marked to 
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produce the appearance of so-called mongolism, although bulging of the frontal 
and parietal bones occurred during the third period of hospitalization This was 
evident in the last roentgenogram of the skull 

Gonorrheal vulvovaginitis complicated the clinical picture at this time 
Death occurred on Oct 8, 1937 

Postmortem Evaimnatton — The body was normally developed No enlarged 
lymph nodes were noted The heart weighed 120 Gm and showed a pale, flabby 
musculature but no endocardial lesions The lungs were not remarkable The 
thymus weighed 19 Gm The liver weighed 663 Gm and showed normal markings 



Fig 4 — A roentgenogram of the skull made on Aug 12, 1937 The outer 
table of the skull is ill defined and fuzzy There is an increase in the marrow cavity 

The spleen weighed 162 Gm The markings were normal, but the pulp was some- 
what more cellular than usual The kidneys were normal The pelvic organs 
showed acute gonorrheal salpingo-oophontis The ribs, sternum, femurs, tibias, 
vertebral column and frontal and parietal bones were examined The cortex of all 
the bones was thin, and the marrow was abundant, dark red and cellular The 
most marked thickening was noted in the frontal and parietal bones The epiphyses 
of the bones and the costochondral junctions were normal Histologically the 
changes m the bone marrow were comparable in every way with those observed 
at biopsy The foci of immature undifferentiated cells were large and numerous 
Normal myeloid activity occurred about these Few maturing erjdhrocytes were 
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noted Sections of the skin, kidneys, spleen and l 3 inph nodes showed a uegatixe 
Prussian blue reaction Hemosiderosis was marked in the liver, moderate in the 
pancreas and faint in the bone marrow The pigment of the skin was melanin 
No foam cells were present in any of the organs 

Comment — In summaiy, the features of the case weie (1) the 
Greek parentage, familial history and onset during the first year 
of life, (2) the poor development, enlargement of the liver, spleen and 
heait, pigmentation of the skin, and hypochromic anemia with leuko- 



Fig 5 — A is a roentgenogram of the lower end of the femur of a normal child 
aged 11 months i? is a roentgenogram of the loAver end of the femur of the patient 
at the age of 13 months In B note the widening of the shaft of the bones and the 
coarse trabeculation 

cytosis, (3) lack of evidence of rickets, syphilis, sickling of the er}thro- 
cytes or hemolytic jaundice, (4) a more or less chronic but progressively 
downhill couise that was not materially influenced by known thera- 
peutic measures, and (5) marked h}q)erplasia of the bone marrow 
resulting from prolifeiation but not differentiation of a primitive marrow 
cell The details of the numerous hemograms are summarized in the 
accompanying table 
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HISTORICAL RESUME 

The historical background of thalassanemia, or Mediterranean dis- 
ease, may be outlined briefly In 1889 von Jaksch ^ drew attention to 
a group of cases of anemia m infancy or early childhood characterized 
‘ by great enlargement of the spleen, some hepatic swelling, considerable 
leukocytosis and marked changes m the size and shape of the red blood 
cells, with larying degrees of chlorotic anemia In a majoiit) of the 
cases reco-very was spontaneous The subsequent recognition of this 
s}ndronie in cases of congenital syphilis, rickets and othei dietai} 
deficiency states served to undermine the decision that von Jaksch’s 
disease is a clinical entit)^ The condition came to be recognized as a 
biologic variant of ordinar}'- secondary anemia or, to quote Naegeli,- “not 
a special entity but an extreme reaction ” 

Thomas B Cooley,® of Detioit, deserves the credit for saving the 
entity from utter dissolution In 1925 he pointed out that certain 
patients with von Jakscli’s disease reacted peculiarly after splenectomy, 
in that the blood showed postoperatively great numbers of nucleated red 
cells He further showed that these patients exhibited other common 
characteristics 1 The disease was usually confined to infants of Syrian, 
Greek or Italian parentage 2 The children had a sallow complexion 
— subicteric but not definitely jaundiced 3 They often presented the 
appearance of mongolism, partly because of the color of the skin and 
partly because of prominence of the bones of the cheek as a result of 
hyperplasia of the marrow 4 The)'- were undersized, and the abdomen 
was prominent, owing to splenic and hepatic enlargement 5 Adenop- 
athy was sometimes present 6 Secondary phenomena of anemia 
cardiac dilatation and murmurs, and serous effusions were propoitionate 
to the stage and severity of the disease 7 As regards the blood, pig- 
mentation of the serum was common but was not always present The 
anemia was of the hypochromic type, with maiked variation in the size 
and shape of the red blood cells Basochromic stippling and nucleated 
forms were numerous The pioportion of reticulocytes sometimes 
reached that which is typical of hemolytic jaundice The grade of 

1 von Jaksch, R Ueber Leukamie und Leukocytose im Kindesalter, 
khn Wchnschr 2 435, 1889 

2 Naegeli Allgemeine Gesichtspunkte uber Anamien, deren Entstehung und 
Eintedung, Schweiz med Wchnschr 55.1043, 1925 

3 Cooley, T B , and Lee, P A Series of Cases of Splenomegaly in Chil- 
dren, with Anemia and Peculiar Bone Changes, Tr Am Pediat Soc 37 29, 1925 
Coole 3 , T B Von Jaksch's Anemia, Am J Dis Child 33 786 (!Ma\) 1927 
Coolej', T B , Witwer, E R, and Lee P Anemia in Children with Splenomegaly 
and Peculiar Changes in the Bones Report of Cases ibid 34 347 (Sept) 1927 
Coolej, T B Likenesses and Contrasts in the Hemohtic Anemias of Childhood, 
ibid 36 1257 (Dec ) 1928 
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anemia was moderate except during exacerbations due to malnutrition or 
intercurrent infection or m the teiminal stage 8 The white blood 
cell count was always increased, the average being almost 20,000 
Lymphocytes predominated, but mariow cells were often present, some- 
times in considerable number The platelets were not affected The 
fragility of the red blood cells was noimal, and sickling did not occur 
In the urine, urobilinogen was at times present m excess, but this was 
not constant 9 The spleen was greatly enlarged, the capsule was thick 
and at times there was perisplenitis The follicles weie small and scarce, 
being crowded out by the pulp cells, which consisted partly of areas of 
erythropoietic and myeloid activity Both liver and spleen showed, in 
varying degrees, an increase in the amount of connective tissue 10 The 
bone marrow was hyperplastic, and the cortex of the bone was thin and 
was encroached on by the marrow This was especially marked in the 
skull, which was often several times the normal thickness In the eailier 
stages the elements forming both red and white cells were increased, but 
later erythropoiesis failed, through exhaustion Trabeculae of new 
bone then appeared This gave rise to a rayhke appearance in the 
loentgenogiams 11 The clinical course of the disease was usually 
chronic but inevitably fatal before puberty In some cases progress 
was lapid Splenectomy was without permanent benefit Cooley said 
he believed that the disease has points of resemblance to hemolytic 
icterus and sickle cell anemia (splenomegaly, anemia, reticulocytosis, 
hyperplastic mariow and familial tendency) and to pernicious anemia 

Since Cooley’s outstanding contribution, little has been added, eithei 
to the clinical picture or to the pathologic features, although many cases 
have been leported and the syndrome is generally recognized as a disease 
entity In 1936 Whipple and Bradford,^ of Rochester, N Y, repoited 
8 cases and coined a new name for the disease — thalassanemia, or 
Mediterranean disease, because of its predilection for children of 
Syrian, Gieek, Italian or Armenian paients These authors, who 
studied in detail the pathologic material from 5 patients, stated that the 
disturbance m pigment metabolism is comparable to that in hemo- 
chromatosis They repoited the frequent occurience of foci of foam 
cells in the spleen, liver, lymph nodes and bone maiiow similar to 
those found in cases of Gaucher’s disease They said they had tried 
unsuccessfully the therapeutic effect of blood transfusions, plasma and 
cell extracts, “piimar^r or secondary anemia liver extracts,” fetal liver 
extract, spleen extract, raw pancreas, adrenal coitex extract (cortm), 
estrogenic substance, vitamin B^ concentrate, iron, and copper They 

4 Whipple, G H , and Bradford, W L Mediterranean Disease — Thalassemia 
(Erythroblastic Anemia of Cooley) Associated Pigment Abnormalities Simulating 
Hemochromatosis, J Pediat 9 279, 1936 
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concluded that the disease is due to some inherited racial defect ■\\hich 
IS responsible for the abnormalities of the hemopoietic tissues (of the 
ordei of peimcious anemia), the osseous changes (of the older of 
acromegaly) and the abnoimalities of the pigment (identical with those 
in hemochiomatosis) They fuither suggested that the deficiency state 
may be remediable when bettei understood 

COMMENT 

The case just reported differs in some details from the classic 
features described by Whipple and Bradfoid The bones never showed 
the maiked changes necessaiy to produce the typical facies of mon- 
golism or “raying” m the loentgenograms although pathologicall}'- they 
weie characteristic except for the absence of foam cells Hemosiderosis 
was noted only in the liver and pancreas, although sections of skin and 
paienchymatous organs were stained with this m mind Finally, 
the degiee of erythroblastosis and leukocytosis commonly repoited was 
nevei noted, although twenty-five complete hemograms weie made over 
a period of eighteen months The maximum number of normoblasts 
found was 11 per bundled leukoc}h:es, and the reticulocyte count 
never exceeded 99 per cent The color index was commonly at or 
below unity Macrocytes and miciocytes occuiied m all smears, but 
the latter predominated Leukocytosis was not a feature of the disease 
In fact, only four of twenty-five determinations showed the white blood 
cell count to be above the accepted normal standards for a child of this 
age The differential leukocyte count was likewise within normal limits 
The abnormal features m the hemogram were, therefoie, noimoblastosis 
and reticulocytosis, with severe anemia of the orthochromic type The 
lesults of fi actional gastric analysis indicated that gastric acidity was 
within noimal limits Neither the clinical nor the pathologic features 
of this case support the suggestion that this disease is comparable to 
pernicious anemia or hemochromatosis 

In conclusion, the minimal requirements for the diagnosis of thalass- 
anemia seem to be ( 1 ) pigmentation of the skin, hether from deposi- 
tion of melanin or of hemosiderin, (2) an mciease m the mairow caMty 
of the bones, detectable clinically or roentgenographically , (3) enlarge- 
ment of the spleen, (4) mtiactable anemia, vith some degree of 
leticulocytosis and eiythroblastosis, and (5) hemosiderosis of the liver 
and panel eas 

SUMMARY AND CONCLUSIONS 

A case of thalassanemia in a child of Greek parentage is reported 
Two of her brothers had died as the result of a similar condition 
Roentgenograms of the skull did not show “raying,” and foam cells w ere 
not present in the bone marrow or spleen Pigmentation of the skin 
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was due to deposition of melanin, not hemosiderin Hemosideiosis was 
present only in the liver and pancreas Pseudoleukemia did not 
occur The gastric contents contained free hydrochloric acid 

Thalassanemia seems to be due primarily to failure of certain piimi- 
tive marrow cells to undergo normal maturation 

Prof H B Cushing gave me permission to publish a report of this case, and 
Dr A E Childe supplied tlie photographs 
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In 1890 Sewall and Sanford ^ found that placing one uppei extremit} 
in varm water induced vasodilatation in the fingers of the opposite 
hand They estimated the blood flow to the digits by means of a ple- 
thysmograph In 1911 Stewart “ corroborated this observation by means 
of caloiimetric determinations of the blood flow to the hand More 
lecently this phenomenon of indirect vasodilatation induced by heat has 
been studied carefully by several investigators,® and a great deal has 
been learned concerning the mechanism of its production Pickering 
fiist showed that in human beings vasodilatation induced in one extrem- 
ity by warming anothei depends on the return of the blood from the 

* From the Division of Medicine, the Mayo Clinic 

The terms indirect vasodilatation induced by heat and indirect a asodilatation 
are used m this paper to indicate vasodilatation in the extremities as a result 
of warming another part of the body either by immersing m warm water another 
extremitA or tw'o extremities or by exposing the trunk to radiant heat 

1 ScAAall, H, and Sanford, E Plethysmographic Studies of the Human 
Vaso-Motor Mechanism When Excited bj Electrical Stimulation, J Physiol 
11 179-207, 1890 

2 StCAvart, G N Studies on the Circulation in Man II The Effect of 
Reflex Vaso-Motor Excitation on the Blood FIoav in the Hand, Heart 3 76-88, 
1911 

3 (o) Loams, T, and Pickering, G W Vasodilation in the Limbs in 

Response to Warming the Body, Avith Exidence for Sympathetic Vasodilator 
NerAcs in !Man, Heart 16 33-51 (Oct) 1931 (h) Gibbon, J H, Jr, and Landis, 

E M Vasodilatation in the LoAAer Extremities in Response to Immersing 
the Forearms in Warm Water, J Clm InA'-estigation 11 1019-1036 (Sept ) 
1932 (c) Pickering, G W , and Hess, W Vasodilatation in the Hands and 

Feet in Response to Warming the Bodj, Clin Sc 1 213-223 (Dec ) 1933 (d) 

Uprus, V, GaAlor, J B, and Carmichael, E A Vasodilatation and Vaso- 
constriction in Response to Warming and Cooling the Bodj A Criticism of 
Methods, ibid 2 301-316 (Dec ) 1936 (e) Pickering, G V The Vasomotor 
Regulation of Heat Loss from the Human Skin in Relation to External Tem- 
perature, Heart 16 115-135 (TuIa) 1932 
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warmed extremity to the general circulation He estimated the blood 
flow to the hand calonmetncally Gibbon and Landis later showed 
that intermittent occlusion of the arterial and venous circulation of the 
extremity immersed m warm water prevents vasodilatation m the unim- 
meised upper extremities for a period at least as long as intermittent 
occlusion IS maintained They showed, further, that indirect vasodilata- 
tion occurs m the upper extremity even if the lower extremity which is 
immersed m waim water is decentralized completely as far as its somatic 
and sympathetic nerve supply is concerned These experiments, of 
course, corroborated the findings of Pickering The available evidence ^ 
indicates that the change in the blood which occurs as a result of its 
passage through the warmed extremity and which induces vasodilatation 
m the remaining extremities is an increase in temperature It has been 
pointed out also that the important factor with regard to the change 
m the temperature of the blood so far as it concerns indirect vaso- 
dilatation produced by immersion of an extremity in warm water is the 
gradient or steepness of the rise rather than the actual temperature of 
the blood itself It should be noted, however, that the possibility never 
has been disproved that some product of metabolism capable of pro- 
ducing vasodilatation through its central action is added to the blood 
as it passes through the warmed extremity 

Lewis and Pickering were the first to show that m human beings 
the occurrence of indirect vasodilatation m the digits of an upper 
extremity depends on the integrity of the sympathetic nerves supplying 
these digits This observation has been con oborated amply ® It must 
be assumed, therefore, that indirect vasodilatation induced in one extrem- 
ity by wanning another extremity is due to either the stimulating or 
the inhibiting action of the blood, which is returning from the warmed 
extiemity at an increased temperatuie, on some center capable of 
increasing the blood flow to the extremities The actual vasodilatation 
in the extremity then occurs as a result of nervous influences which are 
mediated by the sympathetic nerves and which lesult m relaxation of 
the smooth muscle of the vessels and a consequent increase in blood flow 
to the extremity 

It appears, on theoretic grounds, that changes induced m the vaso- 
motor center by an increase m the temperature of the blood might 
result m vasodilatation in the extremities either by giving rise to 

4 Uprus, Gaylor and Carmichael Pickering 

5 (o) Freeman, N E The Effect of Temperature on the Rate of Blood 

Flow in the Normal and m the Sympathectomized Hand, Am J Physiol 113 
384-398 (Oct) 1935 (6) Prinzmetal, M, and Wilson, C The Nature of the 

Peripheral Resistance in Arterial Hj’pertension, with Special Reference to the 
Vasomotor System, J Clin Investigation 15 63-83 (Jan ) 1936 Gibbon and 
Landis 
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va‘;odjldlor ncr\e impulses, which presumabh \\ould travel oxer xa^o- 
dilatoi nerxe fibers, or bx inhibiting xasoconstnctor impulses It is 
probable that, under ordinary circumstances reflex xasodilatation in the 
digits occurs primarily as the result of inhibition of vasoconstnctoi 
impulses rather than as the lesult of actixe xasodilator impulses"" 

It lemains of impoitance to knoxx, boxx^exer, aside fiom any practical 
usefulness xxdncb they might baxe, xxbetber or not x^asodilatoi fibers arc 
piesent in the sympathetic neix’es suppl}ing the extiemities in man 
Lewis and Pickering "" brought forth exidence xxhich indicated that x^aso- 
dilator fibers are piesent m the s)mipathetic nerves supplying the upper 
extiemities of patients xvith Raynaud’s disease and that these fibers are 
an important part of the mechanism xxhich mediates indiiect vasodila- 
tation in cool environmental tempeiaturcs Tliey slioxxed in ceitain 
patients xvith Raynaud’s disease, m xxdiom exposure to cold easily pro- 
duced and maintained digital arterial spasm, that block of the ulnar nerve 
usually xvas not sufficient to produce x'asodilatation m the fifth finger if 
the enviionmental temperature xxas sufficiently cool (14 to 16 C) 
Furthermore, this piocedure prevented for a time the occurrence of 
reflex vasodilatation m the anesthetized fifth finger This failure of x’-aso- 
dilatation to occur in the anesthetized finger xxdnle it xvas occurring in the 
unanesthetized fingei s led these mvestigatoi s to the conclusion that sym- 
pathetic vasodilator fibeis are piesent in the ulnar nerve This conclusion 
xvas based on the assumption that indirect vasodilatation did not occui m 
the anesthetized finger because the sympathetic vasodilator fibers xvere 
blocked, xxdiereas it did occur m the unanesthetized fingers, by virtue of 
the intact sympathetic x^asodilator fibers 

This xvoik, to our knoxvledge, never has been coiroborated Further- 
more, Lexvis and Pickering did not report any observations relative to 
the presence or absence of x^asodilatoi fibers m the loxver extremities 
It is oui object in this communication, therefore, to leport experiments 
relatwe to the presence of sympathetic vasodilator fibers m both the 
uppei and the loxver extiemities and othei obserx^ations concerning the 
mechanism of indiiect vasodilatation induced by heat 

METHOD OF INXmSTIGATION 

The observ'ations here reported concern x'asodilatation m the digits of the 
upper and loxxer extremities The blood floxv xx'as measured by means of determina- 
tions of the temperature of the skin, x\hich xvere made xv'ith an electromotix'c 
thermometer of the tj pe described by Sheard " A decrease in the temperature 
of the skin xx'as assumed to represent a decrease m blood floxx’’, xx’hereas an 
increase m the temperature xvas assumed to represent an increase in blood floxv 
The determinations of the temperature of the skin xvere made on the volar or 

6 Sheard, C The Elcctromotix c Thermometer An Instrument and a 
klethod for Pleasuring Intramural, Intraxenous, Superficial and Caxitx Tem- 
peratures, Am J Clin Path 1 209-226 (Plax) 1931 
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plantar surfaces of the distal phalanges of the fingers and toes, respectively The 
rectal temperature ^\as determined by means of the same instrument, the copper- 
constantan junction being inserted into the rectum well above the internal anal 
sphincter The observations were carried out with the room temperature and 
humidity accurately controlled The temperature of the room was determined by 
means of a thermocouple suspended in the air in the vicinity of the digits being 
investigated During the course of the experiments the subject reclined on a 
comfortable couch Indirect vasodilatation was induced either by immersing a 
lower extremity in warm water to a point just below the knee or an upper extremity 
to a point just above the elbow or by the use of a radiant heat tent over the 
trunk, a sufficient number of blankets being thrown over the tent to maintain the 
heat m the vicinity of the trunk and to prevent it from mateiially influencing 
the temperature of the room The water was maintained at a fairly constant 
temperature by means of an especially constructed can into which a thermostat was 
built The temperature of the heat tent w'as regulated by the number of bulbs which 
were allowed to burn Obstruction of the venous circulation in the extremities 
was carried out by means of an ordinary mercury sphygmomanometer, the cuff 
being placed proximal to the line of immersion Nerve block and regional anesthesia 
were obtained by the use of a 2 per cent solution of procaine hydrochloride 
without epinephrine 

EXPERIMENTAL RESULTS 

Figure 1 portrays a characteiistic vasodilator i espouse in the fingei 
and toe of a normal person This response resulted from immersion 
of a lowei extremity in warm water Vasodilatation occurred first in 
the finger and later m the toe This delayed response m the toes had 
been observed previously ' and had been attributed by, Pickering and 
Hess to a difference m the intensity of the vasomotor relaxation in the 
upper and in the lowei extremities That vasomotor relaxation can be 
produced with greater ease in the upper than in the lower extremities is 
an established fact Horton, Roth and Adson ® showed conclusively 
that vasodilatation occurs more consistently and to a gi eater degree in 
the fingers than in the toes aftei the intravenous injection of typhoid 
vaccine, whereas Crisler and one of us (Di Allen®) demonstiated 
that this same relation holds when acetylbetamethylchohne (mecholyl) 
IS injected either intravenously or intra-arterially To be sure, the 
vasodilatation is greater m the fingers than in the toes, even when the 
drug IS injected into the femoral arterj We have not obseived failure 
of indirect vasodilatation to occur in either the uppei or the lower 
extremities of normal persons as a result of immersing one extremity in 
varm water (42 to 44 C ), the environmental temperatures being 16 

7 Gibbon and Landis Pickering and Hess 

8 Horton, B T , Roth, G M , and Adson, A W Observations on Some 
Differences in the Vasomotor Reactions of the Hands and Feet, Proc Staff Meet 
Ma^o Chn 11 433-437 (Julv 8) 1936 

9 Allen, E V, and Crisler, G R The Result of Intra-Arterial Injection of 
A^asodilating Drugs on the Circulation Observations of Vasomotor Gradient 
J Chn Investigation 16 649-652 (July) 1937 
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to 27 C We studied a patient ^^ho had Ra}naiid s di'^ease in\ol\ing the 
lower extremities Simultaneous immersion of both an upper and a 
low'cr extremity m w-ater at 42 to 44 C and the piesence of an ein iron- 
mental temperature greater than 50 C about the trunk failed to produce 
indirect vasodilatation in the lowei extremit}' when the einironmental 
tcmperalmc w^as 27 C An enviionmental temperatuie of 50 to 60 C 
about the trunk invariably produced \asodilatation in the upper extremi- 
ties of normal pel sons but not infrequently failed to do so m the lower 
extremities Pickering and Hess cited the instance of a normal 
person wdiom they observed Waiming his body by immersion of an 



and of a toe to immersion of a leg m warm water Vasodilatation did not begin 
until after a rise in rectal temperature had occurred Vasodilatation occurred 
more quick!}' and apparently W'as greater in the finger than in the toe 

upper and a low'er extremity in watei at 42 to 44 C failed to produce 
lasodilatation in the toes when the foot had been cooled thoroughly 
Thus, It appears that wanning the body by immersion of one or tw'o 
extremities in warm water cannot ahva}s be depended on to produce 
mdnect vasodilatation in the toes of persons who do not have organic 
occlusue arterial disease Conversel}', failuie of i asodilatation to occur 
m the feet as a result of tins procedure does not necessaril) mean that 
the blood supph to the feet is impaired by organic arterial occlusion 
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This method appears to be reliable for the determination of the ade- 
quacy of the arterial supply to the hand 

Indirect vasodilatation as a result of wanning the body by placing an 
extremity in waim water is dependent on the return of the blood circu- 
lating through the warmed extieinity to the general circulation The 
experiments of Pickering and of Gibbon and Landis proved that 
this IS true for indirect vasodilatation m the upper extremity, as 
mentioned pieviously In their experiments they pi evented the return 
of the blood from the warmed extiemity to the general ciiculation by 
means of a cuff which occluded both the arterial and the venous 
circulation 

It occurred to us that the dependency of mdnect vasodilatation on 
the return of the blood from the warmed extremity to the general 
circulation could be demonstrated more simply by occluding the venous 
circulation of the immeised extremity proximal to the line of immersion 
without occluding the arterial inflow This we accomplished by placing 
an ordinary cuff of a sphygmomanometer ai ound the extremity and then 
elevating and maintaining the pressure within the cuff at a level coi- 
respondmg to 50 to 60 mm of meicury It is probable, of course, that 
this procedure does not produce complete venous occlusion for a long 
period Nonetheless, it undoubtedly reduces the venous return from 
the part of the extremity distal to the cuff to a small fraction of what it 
would be normally Furthermore, it was adequate for the purpose of 
illustrating the point m question, as may be seen in figure 2 Heie, 
impairment of the return of the A^enous blood to the general cir- 
culation from the warmed extremity by means of the inflated cuff 
prevented appreciable indirect vasodilatation as long as the cuff was 
inflated We repeated this experiment on 2 normal peisons, with the 
same result These experiments show, therefoie, that indirect vasodila- 
tation induced in the toes by means of warming the body by immersing 
an extremity in warm water depends on the retuin of the venous blood 
from the warmed extremity to the general circulation 

Similarly, indirect vasodilatation m the fingers can be demonstiated 
by the same method to depend on the same factor, provided the environ- 
mental temperature is sufficiently low to keep the fingers relatively cool 
while the cuff is inflated In two experiments we demonstiated by the 
method described that impairment of the venous return of the warmed 
extremity delayed indirect vasodilatation m the fingers until the cuff 
was released 

In summary, then, we may say that mdiiect vasodilatation in the 
toes and fingers induced by warming another extremity depends on the 
return of the venous blood from the warmed extremity to the general 
circulation 
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Indirect vasodilatation induced by heat depends on the integrity of 
the sympathetic nerves supplying the part in which vasodilatation is 
produced This point is illustrated m figure 3 We have observed that 
either placing an extremity m warm water or increasing the environ- 
mental temperature about the trunk will not produce an appreciable 
increase in the temperature of the skin of the digits indirectly if the 
sympathetic nerves to the digits are not intact These experiments cor- 
roborate previous observations relative to this point 



Fig 2 — Two experiments were performed on a normal subject at different 
times The experiments were carried out in identically the same way as the 
experiment shown in figure 1 with regard to the time relation When the venous 
circulation of the warmed forearm was not occluded, vasodilatation in the toe 
began within fourteen minutes after immersion of the forearm in warm water 
However, when the cuff was placed on the immersed extremity proximal to the 
line of immersion, appreciable vasodilatation did not occur until the cuff (which 
prevented the flow of venous blood) was removed When the cuff was not used, 
the room temperature varied from 17 to 17 8 C When the cuff was used the 
room temperature varied from 19 8 to 21 3 C 

Since indirect vasodilatation in a digit depends on the integrity of 
the sympathetic nerves supplying the digital vessels, it is obvious that 
the stimulus which gives rise to the vasodilatation acts at some central 
site, presumably the vasomotoi center, and that the effect of this central 

10 Lewis and Pickering Gibbon and Landis Freeman Prinzmetal and 
Wilson 
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stimulus IS transmitted to the peripherally situated digital vessels by 
means of the sympathetic nerves On theoietic grounds, a central 
stimulus could produce peripheral vasodilatation either by inhibiting the 
outflow of vasoconstrictor impulses fiom the vasomotor center or by 
giving rise to active vasodilator impulses Under ordinary circum- 
stances it IS possible that inhibition of vasoconstrictor impulses is 
chiefly responsible for reflex vasodilatation This is true because of 
the fact that blockage of the sympathetic nerves to a digit usually 
results in vasodilatation, owing to cessation of central vasoconstrictor 
influences However, under ceitain conditions it appears that blockage 
of the vasoconsti ictoi impulses is not sufficient to lesult in vasodilatation 



Fig 3 — Experiments were performed on 2 patients with Raynaud’s disease 
One patient had a normally innervated finger, and the other had previously 
undergone sympathectomy of the preganglionic type It is apparent that reflex 
vasodilatation occurred readily m the normally innervated digit, whereas it failed 
to occur within a period of seventy-four minutes in the sympathectomized digit 

Lewis and Pickering®'* have shown that this is tiue foi the fingers of 
patients with Raynaud’s disease in sufficiently cool environmental tem- 
peratures, and their evidence indicates that reflex vasodilatation in these 
cases is brought about by means of active vasodilator impulses trans- 
mitted along sympathetic vasodilator nerves The observations to be 
recorded here corroboiate the evidence presented by Lewis and Picker- 
ing favoring the view that there are sympathetic vasodilator fibeis in 
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the upper extremities of man, and they indicate that there aie also S31U- 
pathetic vasodilator fibers in the lower extiemities 

The inhibitive eiftect of blockage of the ulnai nerve, performed in a 
cool environmental temperatuie, on reflex vasodilatation in the anes- 
thetized fifth finger is shown in figure 4 The patient was a Norwegian 
farmer aged 47 who for four years had noted hyperhidi osis, vasospastic 
phenomena on exposure to cold and sclerodermatous changes 111 both 
the hands and the feet All these symptoms were of moderately severe 
intensity After the sensory and sympathetic nerve fibers in the left 



Fig 4 — The effect of ulnar nerve block (procaine hydrochloride), performed 
in a cool environmental temperature, on reflex vasodilatation induced by heat 
The patient had moderately severe Raynaud’s disease associated with sclerodactylia 
In the unanesthetized left first and right fifth fingers, vasodilatation (as indicated 
by a rise in skin temperature) began nine minutes after the heat tent was placed 
over the trunk In the anesthetized left fifth finger, appreciable vasodilatation 
did not occur until fifty-eight minutes after the heat tent was placed over the 
trunk, when anesthesia was diminishing 

fifth finger had been blocked temporarily by anesthetization of the ulnar 
nerve at the elbow, vasodilatation did not begin m this finger until 

11 Lewis, T Experiments Relating to the Peripheral Mechanism Involved in 
Spasmodic Arrest of the Circulation in the Fingers A Variety of Raynaud’s 
Disease, Heart 15 7-10 (Aug ) 1929 
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fifty-eight minutes after the heat tent was placed ovei the trunk, 
whereas in the unanesthetized fingers, vasodilatation began nine minutes 
after the heat tent was placed over the tiunk Thus, vasodilatation in 
the anesthetized finger was delayed for forty-nine minutes Ultimate 
vasodilatation in the anesthetized fingei was expected to occur, for 
the palmar vessels obviously soonei oi latei would be wanned by the 
blood returning from the warm, normally innei vated fingers Lewis 
has shown that warming the palm alone will release the spasm of the 
palmar arch and its digital branches in cases of Raynaud’s disease 
Another possible explanation foi the ultimate vasodilatation in the anes- 
thetized fifth finger is a diminution in the effect of procaine hydro- 
chloride at the time of oi previous to vasodilatation In the instance 
just cited, the anesthesia was beginning to dimmish about the time 
vasodilatation occurred, although sensation was not normal again until 
after the experiment had been completed 

As there is, to our knowledge, no reliable evidence to indicate that 
there are vasodilator sympathetic fibers supplying the lower extremities 
m man, we utilized the principle of the method that has been described 
to investigate this problem with respect to the lowei extiemities 

It is, of course, a well known fact, concei nmg both the upper and the 
lower extremities, that peiipheral nerve block will result under ordinary 
circumstances in vasodilatation m the regions supplied by the nerve 
piovided there is no organic vascular occlusion Regional nerve block 
(“ring block” at the base of the finger oi “bunion block” of the great 
toe) will produce a similar effect undei ordinary environmental condi- 
tions, as Simpson, Blown and Adson obseived m lespect to the 
upper extremities and as we have obseived m lespect to the lower 
extremities A similar effect occurs in the normal lowei extiemities in 
environmental temperatures as low as 15 C An example of the effect 
of regional nerve block of the left first toe of a normal person in a 
fairly cool enviionment is shown in figure 5 Obviously, in this instance 
the local effect of cold on the vessels supplying the great toe was not 
sufficient to overcome the effect of sympathetic nerve block produced 
by procaine hydrochloride, and vasodilatation occui red in the anesthetized 
toe Such vasodilatation most probably is due to obstruction of central 
vasoconstrictor impulses It assuredly is not solely due to active cential 
sympathetic vasodilator impulses, because the sympathetic neive supply 
to the toe has been interrupted temporal ily by the piocaine 

However, m the study of the effect of regional nerve block of the 
toes of patients with moderate or seveie symptoms of Raynaud’s dis- 

12 Simpson, S L , Brown, G E , and Adson, A W Raynaud’s Disease 
Evidence That It Is a Type of Vasomotor Neurosis, Arch Neurol & Psychiat 
26 687-718 (Oct ) 1931 
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ease m the feet in cool environmental temperatures, a different result is 
obtained This is illustrated in figures 6 and 7 The first patient 
(fig 6), a woman aged 19, had experienced moderately severe vaso- 
spastic symptoms m both hands and feet on exposure to cold for three 
months She also had moderately severe rheumatoid arthritis involving 
the joints of all four extremities Regional nerve block in this case, 
with resultant cessation of the central vasoconstrictor impulses, was 
not sufficient to produce vasodilatation which would cause an appreciable 
elevation of the temperature of the skin In other words, the local 
effect of the cold environment was sufficient to maintain vasoconstriction 
in the digital vessels even after the central sympathetic vasoconstrictor 
impulses weie no longei allowed to influence the vessels The regional 
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Time In Minutes 

5 The effect of regional nerve block of the left first toe of a normal 
person in a fairly cool environmental temperature (17 to 19 C ) Marked vaso- 
dilatation occurred in the anesthetized toe, whereas the unanesthetized fifth toe 
remained at room temperature In this instance removal of the central vasocon- 
strictor influence was sufficient to result in vasodilatation 

anesthesia not only had blocked the sympathetic vasoconstrictor nerve 
fibers to the great toe and prevented the passage of central vasocon- 
strictor impulses along these fibers but also had blocked any sympa- 
thetic vasodilator fibers which might have been supplying the vessels of 
the great toe 

If sympathetic vasodilator fibers, which presumably would transmit 
central sympathetic vasodilator impulses, are normally present in the 
sympathetic nerves supplying the toes, it would be expected, when 
these fibers are blocked by procaine, that central stimulation of these 





Time In nmiites 

Fig 6 — The effect of regional nerve block on reflex vasodilatation induced 
by heat in a cool environmental temperature in a case of moderately severe 
Raynaud’s disease The nerve block was not sufficient to overcome the local 
effect of cold, and vasodilatation failed to occur in the anesthetized toe Heating 
the trunk and placing the right foot and leg in warm water produced vasodilatation 
in the normally innervated fifth toe but failed to do so in the anesthetized toe, 
presumably because the vasodilator ^bers to this toe were blocked 
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Fig 7 — The effect of regional nerve block on reflex vasodilatation induced 
by heat in a cool environmental temperature in a case of moderately severe 
Raynaud’s disease The result obtained was essentially the same as that presented 
in figure 6 
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stricter nerves prevents the passage of central vasoconstiictor impulses 
and releases the central vasoconstrictor influence, thus tending to pro- 
duce rather than prevent vasodilatation As the integrity of these fibers 
is necessary for reflex vasodilatation, as is evidenced by the fact that 
blocking prevents this vasodilatation, it is necessary to conclude that 
they are vasodilator fibeis These expeiiments constitute evidence, there- 
fore, in favor of the view that sympathetic vasodilator fibers are present 
in both the upper and the lower extremities in man 

We have attempted repeatedly to demonstrate the presence of sympa- 
thetic vasodilator fibeis in the extremities of noimal peisons by this 
method, but we have nevei been successful Foi example, we per- 
formed ulnar nerve block m an environmental temperature of 0 C , with 
the idea m mind that perhaps the cooler air surrounding the fifth fingei 
might overcome the vasodilator effect of blocking the cential vasocon- 
strictor impulses However, we found that ulnar nerve block undei 
these conditions lesulted in definite elevation of the temperature of the 
skin of the fifth fingei, thus indicating that, even at a temperature of 
0 C , blockage of the sympathetic vasoconstrictor impulses is sufficient 
to result in vasodilatation Also, we found that with an environmental 
temperature of 15 C or moie (up to 27 C ), regional nerve block of 
the toes always resulted in vasodilatation in the anesthetized toes of 
normal persons Furthermore, we attempted to demonstrate the pres- 
ence of sympathetic vasodilatoi fibers by comparing the magnitude of 
the indirect vasodilatoi i espouse to heat, as indicated by changes in 
the temperature of the skin of normally innervated and of acutely 
denervated digits Howevei, we were unable to show any consistently 
greater increase in the tempeiature of the normally innervated digits 
Therefore, it appears that in order to demonstrate the presence of 
sympathetic vasodilatoi fibeis m normal persons, some othei method 
must be used 

SUMMARY 

The mechanism of indirect vasodilatation was investigated, and 
experiments were earned out to determine the presence of sympathetic 
vasodilator nerves in the uppei and lower extremities of man 

It was shown that indiiect vasodilatation induced by warming an 
extremity depends on the i etui n of the blood from the warmed extrem- 
ity to the general circulation It was shown further that the occurrence 
of indirect vasodilatation m a digit depends on the integrity of its sympa- 
thetic nerve supply 

Evidence was obtained in favor of the view that theie are sympa- 
thetic vasodilator neives m the uppei and lower extiemities in man 
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The material for this review was selected from publications which 
appealed during the last half of 1937 and the first half of 1938 As in 
previous reviews,’- it has been necessary to exercise a rigid selection 
of material and largely to exclude the literatuie on experimental syphilis 
and on serologic studies 

HISTORY OF SYPHILIS 

The effect of social custom and “mass morality” on the usage of 
words by authors is well illustrated in Sir d’Arcy Power’s ^ discussion 
of the use of the word pox in English literature Shakespeare used it 
nineteen times, but later, during the Victoiian era and for many years 
thereafter, it was taboo There is no mention of venereal disease in the 
works of Thackeray or of Dickens 

In an interesting article, the title of which contains the type of 
pun that would have amused Shakespeare, Stillians ® recounts the con- 
troversy between Ricord and Auzias-Tuienne over the latter’s theoiy 
of syphilization Ricord had stated that animals could not be infected 
with syphilis Auzias-Turenne, however, inoculated monkeys, rats, 
cats, dogs, foxes, rabbits and a goat with pus from venereal ulcers In 
some of these animals papules, moist lesions, osseous lesions and other 

From the Syphilis Division of the Medical Clinic of the Johns Hopkins 
University and Hospital 

1 (ff) Moore, J E Syphilis A Review of the Recent Literature, Arch 

Int Med 56 1015 (Nov ) 1935 (&) Padget, P , and Moore, J E Syphilis A 

Review of the Recent Literature, ibid 58.901 (Nov) 1936, (c) 60 887 (Nov) 
1937 

2 Power, d’A Clap and the Pox in English Literature, Bnt J Ven Dis 
14 105 (April) 1938 * 

3 Stillians, A W Syphilization An Episode in the Evolution of Syphilolog}’-, 
Arch Dermat & Syph 37 272 (Feb ) 1938 
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manifestations developed which he considered were indicative of syphilis 
He observed that repeated inoculation of different portions of the skin 
with material from the original lesion resulted in successively smaller 
ulcers, until at last no pustule was formed Inoculation fiom a fresh 
human source would succeed for a time, but after a series of automocu- 
lations this method also would fail to produce a lesion He concluded 
that there was produced an immunity for syphilis comparable to the 
immunity for smallpox lesulting from vaccination and proposed to 
protect all prostitutes and others professionally exposed to the disease by 
this method of syphihzation 

In an amusing article on the birth of syphilis, Robinson relates 
the spread of the disease to the triumphant and poorly resisted march 
of Charles VHI through Italy The boudoir replaced the battlefield, 
and Naples became a vast brothel The physician Thieiry de Hery 
frankly worshipped Charles as the originator of syphilis On a pil- 
grimage to the king’s grave at St Denis, France, he went down on 
his knees and said to a priest who was standing by, “Charles VIH is a 
good enough saint for me, he put thousands of francs m my pocket 
when he brought the pox into France ” “Since that time,” says 
Robinson, with more wit than accuiacy, “all syphilologists have been 
rich ” 

The endless controversy conceining the American origin of syphilis 
IS furthered by Holcomb® From an investigation of source mateiial 
he feels that misconception has aiisen from the perpetuation of incor- 
rect translations of the work entitled “Treatise Against the Bubos or 
the Serpentine Disease of the Island of Espanola,” by Ruiz Diaz de 
Isla, which was printed in 1539 On retianslation he found no good 
evidence to support the theoiy of the American origin of syphilis 
except a chaptei which deals with the use of guaiacum as a specific 
remedy for the disease Guaiacum, or holy wood, was native to Haiti 
and Puerto Rico 

Haltom and Shands ® piesent more tangible evidence on the othei 
side of the contioveisy A study of twenty-foui specimens of bones 
which had been unearthed in aicheologic investigations at Moundsville, 
Ala , revealed in twenty-one of them changes which wei e suggestive 
of syphilis, and in one skull the changes were so chaiactenstic that 
the authors felt that no othei diagnosis was tenable Archeologically 

4 Robinson, V The Birth of Syphilis, Arch Dermat S. Svph 36 325 
(Aug ) 1937 

5 Holcomb, R C Who Gave the World S}'phihs^ The Haitian Myth, New 
York, Froben Press, Inc , 1937 

6 Haltom, W S , and Shands, A R Evidence of Syphilis in Mound Build- 
ers, Arch Path 25 228 (Feb ) 1938 
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there can be no doubt as to the antiquity of the mounds They are 
estimated to be no more lecent than 1000 A D These authors con- 
clude, therefore, that there appears to be sufficient evidence m these 
specimens to prove that syphilis existed among the mound builders 
many centuries before the discover}^ of America by Columbus 

SPIROCHAETA PALLIDA 

QuanhtaUon of Expeiimental Inoadnim — There has long been need 
for a study of the influence of the size of the inoculum on the mani- 
festations of expel imental syphilis This has now been made possible 
by Morgan and Vryonis,^ who describe a satisfactory method for count- 
ing the actual number of spirochetes in fluid suspensions 

Mo} phology — Bessemans ® discusses the morphologic variations in 
the causative organism of syphilis and contends that the discrepancy 
between his findings and those of others who have not been able to 
demonstrate the presence of spirochetes m tissues which are infectious 
does not prove the existence of an infravisible or granular form but 
is probably a mattei of technic The so-called at}'pical forms of 
S pallida he believes to be only fragmented and altered organisms 

Although he maintains that the oiganism causing syphilis is a moipho- 
logic unity, Bessemans ° believes that functionally it has innumerable 
aspects In support of this view he cites various biologic properties of 
the spirochete, both m vitro and in vivo, discusses the phenomena of 
drug resistance and vaiiations in virulence which are said to be pro- 
duced by repeated passage of the virus through experimental animals 
and recalls the changes in the clinical manifestations of syphilis which 
have taken place since the fifteenth century The theory is ingenious 
and plausible but, being largely undocumented, is unconvincing 

Nyka^° continues his argument as to the variability of form of S 
pallida in experiments made on rabbits infected by means of intra- 
testicular inoculations with spirochetes of the Truffi stain The iliac and 
popliteal lymph nodes were examined microscopically In freshly infected 
animals he found a few typical spirochetes and many filamentous forms 
He concludes that the causative agent of syphilis is a polymorphous 
virus which exists in two distinctly different forms (1) the classic 

7 Morgan, H , and Vryonis, G P A Method for the Quantitation of Inocula 
in Experimental Syphilis, Am J Syph , Gonor & Ven Dis 22 462 (July) 1938 

8 Bessemans, A Morphologic Variations of the Syphilitic Germ, Am J 
Syph , Gonor & Ven Dis 22 294 (May) 1938 

9 Bessemans, A Functional Variations of the Treponema Pallidum, Am J 
Syph , Gonor & Ven Dis 22 301 (May) 1938 

10 Nyka, W Nouvelles recherches sur le polymorphisme du virus syphilitique 
dans le ganglions lymphatiques du lapin, Ann Inst Pasteur 60 316 (March) 1938 
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spiral, which he believes to be a transitory form, and (2) a filamentous 
form, which he still believes, though it seems to us without adequate 
pi oof, to be the true infectious form of the syphilitic virus 

Stmmng — Kerr discusses modifications of the Wartlim-Starry 
method of staining spirochetes in sections of tissue and attributes the 
reported failures of some workers to the use of unclean glassware or 
reagents, a slurring over of technical details and a lack of persistence 
m searching for the organisms Steiner describes new and simple 
methods for staining spirochetes in frozen sections and in smears 

Effect of Low Tempeiatwies — Under natural conditions S pallida 
and Treponema pertenue die soon after removal from a living host 
Hitherto strains of these organisms could be maintained for experi- 
mental purposes only by inoculating susceptible animals In a previous 
communication Turner described a simple method for freezing and 
maintaining specimens of tissue containing spirochetes at a temperature 
of approximately — 78 C , thus eliminating the time and expense 
entailed in propagating spirochetes of syphilis or yaws m animals In 
the present communication he shows that after having been frozen 
and maintained for at least one year at temperatures near — 78 C , 
S pallida and T pertenue, on thawing, exhibited a normal morphologic 
picture, motility and virulence At temperatures of — 10 and — 20 C , 
spirochetes of syphilis did not survive as long as two months That 
S pallida may survive even much lower temperatures for at least 
brief periods is reported by Jahnel,^® who describes experiments show- 
ing that the organisms can endure a tempeiature of — 271 5 C for 
two and one-half hours without losing their virulence 

EXPERIMENTAL SYPHILIS 

Seeking further information concerning the pathogenesis of syphilis, 
particularly syphilis of the nervous system, Stroesco and Vaisman 

11 Kerr, D A Improved Warthin-Starry Method of Staining Spirochetes in 
Tissue Sections, Am J Clin Path 8 63 (March) 1938 

12 Steiner, G A New Method for Staining Spirochetes and Bacteria in 
Smears, J Lab & Clin Med 23 293 (Dec) 1937, A Simple Method for Demon- 
stration of Spirochetes in Frozen Section, ibid 23 316 (Dec ) 1937 

13 Turner, T B The Preservation of Virulent Treponema Pallidum and 
Treponema Pertenue in the Frozen State, J Chn Investigation 15 470 (July) 1936 

14 Turner, T B The Preservation of Virulent Treponema Pallidum and 
Treponema Pertenue in the Frozen State, with a Note on the Presentation of 
Filtrable Viruses, J Exper Med 67 61 (Jan) 1938 

15 Jahnel, F Ueber das Ueberleben von Syphilisspirochaten bei tiefster 
Temperatur ( — 271 5° C, 1 7° vom absoluten Nullpunkt entfernt), Klin Wchnschr 
17 837 (June 11) 1938 

16 Stroesco, G , and Vaisman, A La syphilis experimentale chniquement 
inapparente de la souris, Ann Inst Pasteur 59 403 (Oct ) 1937 
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studied experimental syphilis m the mouse Mice weie infected by 
the implantation of fragments of tissue from fresh rabbit syphilomas 
into or undei the skin The animals were killed at varying intervals 
afterward, and their tissues were studied microscopically with the aid 
of a modification of the Dieterle technic which the authors describe 
Eithei typical or atypical foims of spirochetes were found to be widely 
distributed throughout the tissues, including the nervous system 
Examination of the area surrounding the site of implantation of the 
infecting graft, however, they felt gave significant information regard- 
ing the mode of infection of the neuraxis As a result of their studies 
they concluded that after implantation of an infecting graft the spiro- 
chetes at the center of the graft became transformed into stages inter- 
mediate between the spiral form and argentophihc granules, while at 
the peripheiy they migrated from the graft and invaded the adjoining 
tissues, where they multiplied without producing atypical forms Repro- 
duction \\as around the vessels in the coiium, whence the organisms 
passed along the connective tissue fibers into the nerves, finally to 
infect the spinal ganglions In guinea pigs m which primary lesions 
were produced, each lesion apparently immunized the adjacent epidermis 
and pi evented multiplication of the spirochetes in that region, but the 
immunization failed to affect the peripheial nerves, m which the spiio- 
chetes multiplied and spiead 

Vaisman injected spinal fluid from 9 patients with dementia para- 
lytica into mice by the intraceiebral and subcutaneous routes The 
mice were killed four months later Examination of the lymph nodes 
by the Dieterle method revealed no organisms resembling S pallida 
Transfer by means of injecting material fiom the lymph nodes into 
rabbits likewise gave negative lesults 

Although the author tends to accept these observations as con- 
clusive evidence that the cerebrospinal fluid of patients with dementia 
paralytica is not infectious, the notorious vai lability of the mouse in 
experimental studies of syphilis makes the findings of little value 

Influence of Sex and Sex Hormones — Kemp, Shaw and Fitzger- 
ald have interested themselves in the important problem of the rela- 
tion of sex hormones to the course of experimental syphilis As a 
pait of this study they examined the effect of placental extract on the 
course of experimental syphilis m the rabbit A crude placental extract, 
containing little or none of the immune substance effective in the 

17 Vaisman, A Le liquide cephalorachidien des paralytiques generaux est-il 
virulent’ Compt rend Soc de biol 124 1166, 1937 

18 Kemp, J E , Shaw, C, and Fitzgerald, E M The Effects of Placental 
Extract on the Course of Experimental Rabbit Syphilis, Am J Syph , Conor & 
Yen Dis 22 368 (May) 1938 
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prevention and abortion of measles and only a small amount of estro- 
genic substance, had no influence on the course of the infection A 
commercial placental extract (placimmunm) prepared according to the 
method of McKhann, known to be effective in the prevention and 
abortion of measles, had a favorable effect in 8 of 12 animals that 
survived treatment As yet, however, the significance of these observa- 
tions cannot be interpreted 

The same authors report a comparative study of the course of 
experimental syphilis in normal male and female rabbits and m male 
and female rabbits treated six days a week for twenty-one weeks with 
20 international units of estrogen (m the form of theehn m oil) and 
observed for one hundred and fifty-seven days after the inoculation 
Their findings suggested that estiogenic substances might have been a 
factor responsible for the milder course of syphilis in normal female 
labbits and the modified course of the disease m female labbits which 
became pregnant simultaneously with the infection 

As another part of the same group of studies Kemp and Shaw 
observed the effects of castration on the course of experimental syphilis 
in male and female labbits and repoited the following lesults 1 The 
syphilitic infection was milder in normal female than m normal male 
animals, as shown by a less severe reaction at the site of inoculation 
and the development of fewei generalized lesions 2 In addition to a 
more marked reaction at the site of inoculation, the couise of the 
syphilitic infection was more severe in normal males than it was in 
castrated males 3 As judged by the occurrence of geneiahzed lesions, 
the infection was milder m castiated females than in normal females 
4 The favorable influence of castration on the couise of expeiimental 
syphilis was approximately the same for male and female labbits 

IMMUNITY IN SYPHILIS 

Kolmer discusses at length the question of seiologic reactions 
and immunity m relation to infection and treatment of syphilis He 
believes that reagin is a product of infection with S pallida, although it 
IS not of itself spirocheticidal or spirochetistatic Neveitheless it is 
not without immunologic significance, since its persistence m chronic 
syphilis after one or two years of modem theiapy indicates, on the 

19 Kemp, J E , Shaw, C , and Fitzgerald, E M The Effect of the Adminis- 
tration of Theehn upon the Course of Experimental Rabbit S 3 ^phihs, Am J Syph , 
Conor & Ven Dis 22 9 (Jan ) 1938 

20 Kemp, J E, and Shaw, C The Effects of Castration upon the Course of 
Experimental Syphilis in Alale and Female Rabbits, Am J Syph , Conor & Ven 
Dis 22 133 (March) 1938 

21 Kolmer, J A Serologic Reactions and Immunity in Relation to Infection 
and Treatment of Syphilis, Am J Svph , Conor & Ven Dis 22 426 (JuhO 1938 
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basis of clinical evidence, that sufficient tissue immunity may be present 
to protect the patient against progression or relapse of the syphilitic 
infection Though he grants that persistence of reagm may indicate 
immunity, he nevertheless feels that m cases of both early #and chronic 
syphilis, including latent, benign (cutaneous and osseous) and visceral 
infections, the persistently positive serologic reactions are not usually 
due to reagm remaining after biologic “cure” but are evidence of per- 
sistence of the infection While proof of either point of view remains 
unobtainable, Kolmer takes the position that for the patient who mani- 
fests seroresistance, periodic courses of follow-up therapy after initial 
treatment for one to two years are desirable to guard further against 
clinical relapse or progression of the disease 

Lisi ““ shows that immunity is not established in rabbits aftei scrotal, 
subcutaneous and intraperitoneal injections of an emulsion of material 
from syphilitic lesions which previousl)^ has been rendered avirulent by 
heating When injections of a virulent virus were given to vaccinated 
animals the lesions were larger and the period of incubation was 
shorter than ■s\hen the injections were given to control animals, sug- 
gesting that a greater local sensitiveness to the spiiochete was estab- 
lished in the vaccinated animals The possibility that this heightened 
reaction might be due to general tissue sensitivity produced by the 
previous injection was not considered 

Beck examined fifteen specimens of seium and two specimens of 
cerebrospinal fluid from human beings and three specimens of serum 
from syphilitic rabbits by a quantitative m vivo method for the presence 
of antibodies protective against the spirochete of syphilis No evidence 
of such antibodies was found Observation in vitro did not reveal 
phagocytosis of the organism 

SEROLOGY 

As in previous years/ space cannot be given to the many articles 
dealing with the technic of serologic tests for syphilis or to those com- 
paring one test with another It is desirable, however, briefly to refer 
to certain papers which aid m clarifying m the minds of practicing 
physicians the interpretation of these tests 

It IS obvious that the reliability of the serologic repoit which a labo- 
ratory supplies to a physician depends on two factors the theoretic 
sensitivity and specificity of which the test emplo} ed is capable in expert 
hands and, more important, the actual sensitivity and specificity of the 
test as it IS performed m the laboratory which is making the report 

22 Lisi, F Ricerche spenmentali sulle reazioni immunitane aU’moculazione 
di matenale sifilitico virulento m conigli preventivamente trattati con estratti di 
sifiiloma, Gior ital di dermat e sif 78 691 (Aug ) 1937 

23 Beck, A The Occurrence of Protective Antibodies in Sj'philis, J Path 
& Bact 44 399 (March) 1937 



1036 


ARCHIVES OF INTERNAL MEDICINE 


The first consideration has been dealt with in previous reports ^ of the 
Committee on Evaluation of Serodiagnostic Tests for Syphilis A 
comparative study of the efficiency of the performance of serodiagnostic 
tests for syfihilis in thirty-nine state laboratories is reported by Parian 
and his associates Each health officer was asked to designate the 
test whose performance he desired to have evaluated, and the tests 
specified determined the choice of four private control laboratories A 
study of the tables and graphs obtained from the sixty-mne serologic 
tests on each specimen of blood submitted revealed the fact that some 
of the state laboratories are not qualified to perform efficient diagnostic 
service or to inaugurate any system of licensure involving approval of 
local laboratories within their respective states In many states, how- 
ever, the efficiency of the performance of the tests was maintained at 
a high level It was also evident that the loutine employment of a 
single serodiagnostic test, even though performed by competent workers, 
IS occasionally unreliable The recommendations of the committee 
should receive immediate study It was advised that provision be made 
for adequate training of state and local laboratory technicians in the 
laboratories of the originators of the methods employed and that in the 
future only a thoroughly competent technical personnel be employed 
A system of periodic inspection of state laboratories by thoroughly 
trained serologists of the United States Public Health Service should 
be devised and made available The facilities for the special study of 
serologic methods in the Venereal Disease Research Laboratory of the 
United States Public Health Seivice on Staten Island m New York 
should be utilized to a gi eater extent Periodic comparative examination 
of the performance of serodiagnostic tests is desirable Finally, the 
committee advised that full advantage be taken of existing local labora- 
tory facilities and that provisions be made to approve and subsidize 
qualified local laboratories for the perfoimance of diagnostic services 
in the control of syphilis 

Hazen reemphasizes the imperative need for the efficient per- 
formance of seiodiagnostic tests and points out the opportunity which 
the serologic conferences sponsored jointly by the United States Public 
Health Service and the American Society of Clinical Pathologists pro- 

24 Parran, T , Hazen, H H , Mahoney, J F , Sanford, A H , Senear, F E , 
Simpson, W M , and Vonderlehr, R A Serodiagnostic Tests for Syphilis as 
Performed by Thirty-Nine State Laboratories A Comparative Study, Report 
of the Committee on Evaluation of Serodiagnostic Tests for Syphilis, JAMA 
109 425 (Aug 7) 1937, Yen Dis Inform 18 273 (Aug) 1937 

25 Serodiagnostic Tests for Syphilis in State Laboratories, Current Comment, 
JAMA 109 437 (Aug 7) 1937 

26 Hazen, H H Syphilis Control The Need for Efficiently Performed 
Serodiagnostic Tests, Journal-Lancet 58 127 (March) 1938 
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vide to state health officers to evaluate the quality of the work done in 
their several serologic laboratories To aid in improving the quality 
of serodiagnostic tests for syphilis, he makes ceitain specific recom- 
mendations Only certified technicians should be employed, medical 
students should be trained in the collection of blood, private pltysicians 
should ascertain whether the laboratories they use employ methods which 
have been evaluated by the United States Public Health Service, health 
officers should be urged to have their laboratoiies participate m the 
evaluation piojects, and the opportunities for e\aluation by a state 
laboratory should be available to other laboratories in the state These 
recommendations should be follow^ed by ever}’- laboratory wdiicli attempts 
the serodiagnosis of syphilis, and it should be the piivilege of the prac- 
titioner who submits samples of blood for examination to be assured 
that they are carried out 

Nagle and Willett collate the information w'hich has been made 
available by the five serologic conferences and state the following 
conclusions 

The foundation for the selection of suitable standard tests used m the serum 
diagnosis of S 3 ^phihs has been laid by data accumulated regarding the efficiency 
of 46 Wassermann and 54 precipitation tests in five official projects 

From this compilation it is obvious that a serologic test can possess as a mini- 
mum 99 per cent specificity (excepting certain few diseases, especially malaria and 
leprosy) and 65 per cent sensitivity These percentages should be considered the 
base line, and tests conforming to these standards should be used in diagnostic 
laboratories Tests not conforming to these standards should be used only experi- 
mentally until they are adjusted to meet these standards Tests having high 
sensitivity might be used as presumptive or exclusion tests, even though lacking in 
specificity 

It IS hoped that tests which at present fit in with these standards will be 
improved to increase both sensitivity and specificity That this can be done, 
especially in regard to sensitivity, was demonstrated by diagnostic laboratories 
with Kahn, Kolmer and Kline tests m Project 5 

The Laughlen Test — ^The Laughlen test has been presented as a 
reliable test for syphilis which can be performed in a few minutes, which 
requires little equipment, which is inexpensive and which can be done 
by any medical practitioner or technician without special training 
Usher says, however 

In the hands of the author, the Laughlen test gave a prohibitive number of 
positive reactions in a presumably nonsyphilitic population When the sensitnity 

27 Nagle, N , and Willett, J C What Did Five Official Evaluation Studies 
of Tests for Sj'philis ReveaP Am J Syph , Conor & Ven Dis 22 231 (March) 
1938 

28 Laughlen, G F A Rapid Test for Sj’philis, Canad M A J 33 179 
(Aug) 1935 

29 Usher, G S An Appraisal of the Laughlen Serologic Test for S 5 phihs, 
Am J Syph , Conor &. Ven Dis 22 452 (July) 1938 
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of the reagent was reduced sufficiently to eliminate these falsely positive reac- 
tions, It failed in a significant number of instances to detect reagm m sera which 
were positive to the Eagle flocculation reaction 

It IS concluded that the Laughlen serologic test for syphilis may be of value in 
a reliable laboratory as a spot or exclusion test but is not a satisfactory test to 
be used by a “medical practitioner or technician without special training” (as 
claimed by Laughlen) 

Other investigators have agreed with Usher From a comparison of 
the Laughlen test with a complement fixation test of 1,500 specimens 
of serum, Churg, in discussing a report made by Chargm,®® concludes 

In its present form the Laughlen test is not a reliable procedure and should not 
be employed 

Sobel says 

The sensitivity of this test was hardly equal to that of the Wassermann test 
Laughlen states that it is an office procedure, yet we found that we had 
to discard the results in the first 300 tests because we lacked the experience for 
their accurate performance The Laughlen test at the present time is not 

suitable for use by the average practitioner It is still a laboratory procedure 

Rem says 

I believe that new tests of this type should not be publicized and sold to prac- 
titioners until their specificity and sensitivity are accurately determined by 
reliable serologists 

Editorial writers also agree in condemning the suggestion that sero- 
logic tests for syphilis may be made an office procedure 

The publications of the Committee on the Evaluation of Serologic Tests for 
Syphilis indicate that all too frequently both complement fixation and floccula- 
tion tests are carried out at a level of efficiency below that of which the tests are 
inherently capable It is alarming that some commercial concerns are offering 
for sale to general practitioners relatnely new and unestabhshed serologic test 
outfits containing antigen and other materials The promoters claim that these 
methods may be carried out by the practitioner in his office, are suitable for rapid 
diagnostic work with whole blood and with spinal fluid and are sufficiently accurate 
to guide any physician m the treatment of his patients with syphilis The fact 
that the antigens for these methods are crude or that they may deteriorate rapidlv 
IS not mentioned Neither is it pointed out that dye materials incorporated in the 
antigens are useless to a trained serologist and will be equally valueless to one 
not familiar with the interpretation of flocculation reactions Warning is not 
given of the danger which is always present in serologic procedures carried out 
with whole blood or of the complete reversal which inactivation may induce 
Nor IS It admitted that these methods have had only a limited practical test in 
hands other than those of the originators Furthermore, a most grievous omission 
IS the failure to recommend the use of positive and negative control serums as 

30 Chargin, L Asymptomatic Syphilis Associated with a Positive Wasser- 
mann and a Negative Laughlen Test, Arch Dermat & Syph 37 856 (May) 1938 

31 Sobel, N , in discussion on Chargin 

32 Rein, C R , in discussion on Chargin 

33 New Serologic Tests for Syphilis, Current Comment, JAMA 110 1373 
(April 23) 1938 
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guides in the interpretation of the test The care of the glassware, the concen- 
tration and pii of the salt solution and manj' other factors requisite for trust- 
worthy serologic results are omitted from the instructions Thus, active commercial 
promoters may place in the hands of the individual physician everywhere a 
diagnostic function which is acceptable as efficient only when performed in 
laboratories adequately equipped and staffed by trained personnel The claims for 
these techniques are based on inadequate experience and the procedures themselves 
are open to criticism on many technical grounds The science of serology has 
not as yet progressed to a degree of simplicity at which the detection of syphilis 
may be placed on a basis comparable to the detection of albumin in the urine 
It IS difficult to see how any premature steps in this direction can do other than 
work to the detriment of the patient with syphilis 

The Hmton Test — Because there has been controveisy regarding the 
value of a negative reaction of the Hinton test of the blood in excluding 
neurosyphilis, Marquis reviewed the records of 621 consecutive patients 
with syphilis for each of whom had been made at least one Hmton test, 
one test of the complement fixation reaction of the blood and an exami- 
nation of the cerebrospinal fluid Seiologic tests of the cerebrospinal 
fluid foi syphilis gave a positive reaction for 172 (28 per cent) of this 
group and a doubtful leaction for 4 others The Hinton test of the 
blood gave a negative reaction m 11 cases m which the Wassermann 
test of the spinal fluid gave a positive reaction The Hinton test is 
described as “fluctuating” in 6 other cases In 1 case m which the 
Wassermann test of the spinal fluid gave a doubtful reaction, the Hinton 
test gave a positive reaction, in 1 case it gave a doubtful reaction and 
in 2 cases it gave a negative reaction 

In his discussion the author presents brief reports of the 13 cases 
in which a negative reaction to the Hinton test of the blood and a 
positive or doubtful complement fixation reaction of the cerebrospinal 
fluid were obtained m order to show that in all these eases neuiologic 
abnormalities ivere manifest which in themselves would demand exami- 
nation of the cerebiospmal fluid to clarify the diagnosis He concludes 

It would appear from this study that routine lumbar punctures may be safely 
omitted m patients with syphilis who have no clinical evidence of central nervous 
system disease and who have a persistently negative Hinton test of the blood It 
seems equally evident, however, that whenever there are signs or symptoms of 
central nervous system injury or whenever there is a persistently positive Hinton 
test, spinal fluid examination cannot be safely omitted 

Positive Results of Seiologic Tests of Normal Animals — For sev- 
eral years evidence has been accumulating that a high proportion of 
noimal animals of various species other than man may give a positive 
reaction to serologic tests foi syphilis Further confirmation of this 

34 Marquis, H H The Hmton Test of the Blood in Neurosyphilis, Am J 
Syph , Conor & Ven Dis 22 208 (March) 1938 
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fact IS offered by Greene, Harding, Hudspeth and Pistoi,®® who pei- 
formed Kahn, Kline, Ide, Eagle and Laughlen tests on blood from 
dogs, rabbits, goats, horses, sheep, chickens and cows Though these 
serums showed a relatively high percentage of positive reactions, the 
different tests gave widely varying results The Kline and Laughlen 
tests gave the highest and the Ide and Eagle tests the lowest peicentage 
of positive reactions 

The presence of a reagin-hke substance in the blood of noimal 
animals has, in our opinion, leceived inadequate consideration by clini- 
cians and serologists Is it not possible that what is true m a high 
proportion of other animals may also be true m at least a small pio- 
portion of human beings and that an unsupported positive leaction to 
a serologic test, even if adequately checked against technical eiioi, may 
sometimes represent a noimal biologic peculiarity rather than the 
presence of syphilitic infection^ Further study of this impoitant point 
IS urgently needed 

Mackie and Watson,®® Porro,®' Manteufel and Beger,®® Furst and 
Eagle have reported results similar to those of Greene and his col- 
laborators, but there have been no lepoits of studies calculated to 
identify the substance which pioduces the positive reaction 

That fears as to the validity of a positive reaction to a seiologic 
test may, however, be more apparent than real and that biologic false 
positive reactions, if they occui at all, must be rare is suggested by the 
serologic surveys of college students cairied out m Wisconsin and 
Minnesota At the University of Wisconsin “a total of 3,389 tests 
was done on 30 5 per cent of the student population a neg- 

ligible amount of syphilis was found ” Only 6 students showed a 

35 Greene, R A , Harding, H B , Hudspeth, W T , and Pistor, W I The 
Reaction of the Sera of Different Animals to the Kahn, Kline, Ide and Laughlen 
Tests, J Lab & Clin Med 23 763 (April) 1938 

36 Mackie, T J, and Watson, H F On the Immunological Nature of the 
Principle m Serum Responsible for the Wassermann Reaction, with Reference Also 
to the Flocculation Reaction of Sachs and Georgi, J Hyg 25 176 (July) 1926 

37 Porro, T J The Kahn Reaction with Serum of Different Animals, J 
Infect Dis 53 210 (Sept) 1933 

38 Manteufel, P , and Beger, H Die Serodiagnose der Kanmchensyphilis, 
Deutsche med Wchnschr 50 269 (Feb 29) 1924 

39 Furst Zur Frage der Natur der komplementbindenden Stoffe in positiven 
tienschen und luetischen menschhchen Sens bei der Wassermannschen Reaktion, 
Ztschr f Immunitatsforsch u exper Therap 23 358, 1914 

40 Eagle, H Studies in the Serology of Syphilis VI The Induction of 
Antibodies to Tissue Lipoids (a Positive Wassermann Reaction) to Normal Rab- 
bits, J Exper Med 55 667 (April) 1932, Laboratory Diagnosis of Syphilis, 
St Louis, C V Mosbj'^ Company, 1937, p 302 

41 Cole, L R Survey of Syphilis Among Students at University of Wis- 
consin, Arch Dermat & Syph 38 70 (July) 1938 
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positive and 6 a doubtful reaction to serologic tests for s} philis Bo 3 mton 
and Davies^- leport that during the past ten years serologic tests for 
syphilis have been performed on about 19,000 students at the Univeisity 
of Minnesota In onl)^ 39 (0 2 per cent) of the cases were persistently 
positive reactions found 

Rothbart contends that fluctuations in the sei ologic i eactions of 
presumably healthy children of normal healthy parents are occasionally 
observed He presents a lepoit of 12 apparently nonsyphilitic children, 
observed during the past two years, foi whom the Kahn test gave a 
positive reaction on one oi more occasions Later the i eactions became 
negative in 11 of the 12 cases Infection, either acute oi chionic, was 
piesent in 11 of the 12 cases 

Piovocatwe Method — According to Rajka,'*'* antibodies m cases of 
syphilis are produced m the leticuloendothelial system The Wassei- 
mann test of the blood, theiefore, may give a negative leaction even 
though antibodies aie stored in the tissues Theoretically it should be 
possible to drive these “stored” antibodies fiom their sites of produc- 
tion into the blood in order to bring about a positive reaction to sero- 
logic tests for syphilis Pressor substances have been employed for the 
purpose, but foi the antibodies to reach the blood there must be vaso- 
dilatation after the vasoconstriction By combining epinephrine, 
ephedrme and muscle extract, Rajka prepares a substance which he 
calls “provocatme ” This is injected mtiamuscularly after a specimen 
of blood has been taken foi testing, and additional specimens are taken 
one-half hour and one houi latei He believes that this method of 
testing IS a valuable aid m pro\ mg that a “cure” has been achieved 

Twenty-five normal controls showed no change of the negative leac- 
tion eithei to a Bordet-Wassermann or to a precipitation test For 
patients known to have syphilis, a variety of results was observed The 
Bordet-Wassermann test was used for 581 patients, also 412 were 
tested by means of flocculation tests Of the patients in the former 
group, 367 gave a negative reaction before the test, for 334 of these 
patients the reaction to the Bordet-Wassermann test remained negative, 
but It became positive for 33 (9 pei cent of the group) There were 
214 patients who gave a positive reaction to the Boi det-Wassermann 

42 Boynton, R E, and Davies, B P The Routine Wassermann Test in 
College Students, Journal -Lancet 58 134 (March) 1938 

43 Rothbart, H B The Variabilit}' of the Kahn Reaction in Children, J 
Pediat 11 483 (Oct ) 1937 

44 Rajka, E Sur la question des rro\ocations serologiques dans la sj^philis 
a I’occasion d’une nouvelle methode de provocation, Ann de dermat et syph 
8 624 (Aug) 1937 
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test before the “provocatine” test was made The reaction remained 
unchanged for 109 of them, and it increased in strength for 45 and 
decreased in strength for 60 

The results for a group of 412 patients with respect to a floccula- 
tion test were somewhat similai The reaction before the “provocatine” 
test was positive in 158 cases and negative in 254 In 13 cases (5 per 
cent) in which the reaction had been negative it became positive Of 
the 158 cases m which positive reactions weie obtained originally, the 
reaction remained unchanged m 116, and it became more strongly 
positive m 12 and less strongly positive in 30 

Cei eb7 ospinal Fhiid — Kraus claims that the Takata-Ara test is 
a rapid, simple and reliable colloid test that can be used in outpatient 
clinics for the diagnosis of neurosyphihs Richter advocates a modifi- 
cation of the colloidal gold test which makes possible the reading of 
the results after one hour, instead of after twenty-four hours Reibe- 
ling IS of the opinion that the hydrochloric acid-collargol reaction 
of the cerebrospinal fluid is determined by the hydrolysis of proteins 
He believes that this test gives a curve characteristic of dementia 
paralytica which is not the case with the other colloidal tests In about 
50 cases of latent syphilis without involvement of the central nervous 
system the test gave normal curves In a few cases in which there was 
only slight involvement of the central nervous system, the curves 
promptly became positive For treated patients with dementia paralytica, 
tabes dorsalis or latent syphilis the test proved to be a good indicator of 
active syphilitic involvement of the central nervous system 

THE SOCIAL AND PUBLIC HEALTH ASPECTS OF SYPHILIS 

Although an appeal was made by Marion Siins in 1876 for atten- 
tion to venereal diseases, the first really eftective steps weie taken by 
Herman Biggs, of New York, in 1912 He advocated the leporting of 
cases and free serologic testing and said he felt that special clinics and 
hospital facilities for patients with venereal diseases should be estab- 
lished 

Official Attitudes — In the light of the feais expiessed that a con- 
certed effort directed towaid the control of syphilis would seive as the 

45 Kraus, M Die Takata-Ara-Reaktion (Einglas Methode) in der ambula- 
torischen Praxis der Neurolues, Klin Wchnschr 16 1815 (Dec 25) 1937 

46 Richter, J Zur Goldsolreaktion, Ztschr f Hyg u Infektionskr 120 219 
(Dec 21) 1937 

47 Reibeling, C Die Salzsaure-Collargol-Reaktion, eine neue Liquorreaktion, 
Klin Wchnschr 17 783 (May 28) 1938 

48 Biggs and the Control of Syphilis, editorial, Quart Bull , City of New York 
Dept Health 5 63 (Aug) 1937, abstracted. Yen Dis Inform 19 97 (April) 1938 
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opening -w edge for the establishment of “socialized medicine,” the com- 
ments of the president (1937-1938) of the American Medical Associa- 
tion^® are in order In his opinion the piesent concern about public 
health has had a dual origin first, the progiess which has been made m 
preventne medicine and, second, the awakening of the national con- 
sciousness to the deplorable wastefulness of illness 

With legard to syphilis, two factors make the outlook favoiable 
Treatment of the patient does not necessitate that he give up work, 
and a specific cuie may be obtained m the early stage of the disease 
In order to develop the oppoitumty, there are three points to be 
consideied Fust is the education of the public The second great 
objective is the aiousing of the medical piofession generally Third is 
the mattei of the cost of treatment 

The middle class, especiall}'' those on the borderline of “medical 
indigency,” present a serious phase of the problem Many of them 
refuse to go to a clinic Taking the long Mew, Upham believes that 
medical societies should not tempoiize but should meet the issue 
squai ely 

The surgeon geneial of the United States Public Health Service is 
in complete agreement °° Specificall)^ he makes basic recommendations 
for the development of adequate facilities for the contiol of S 3 ^philis 
as follows 

There should be a trained public health staff to deal with S 3 'phihs in each 
state and citj’^ 

Minimum state laws should require reporting of cases, follow up of delinquents, 
and the finding of source of infection and contacts 

Premarital medical certificates, including serodiagnostic tests, should be a 
legal requirement 

Diagnostic services should be freely available to every physician without charge 
and should meet minimum state standards of performance 

Treatment facilities should be of good quality, with convenient hours and loca- 
tion Wherever iiossible the clinic service should be a part of an existing hospital 
dispensary Hospital beds should be provided for patients needing bed care 

The states should distribute antisyphihtic drugs to physicians for the treat- 
ment of all patients 

Routine serodiagnostic tests need to be used much more widely In particular, 
every pregnancy, every hospital admission, every complete physical examination 
should include this test 

The informative program in modern diagnosis, treatment, and control should 
be prosecuted vigorously among physicians and health officers, especially through 
the use of trained consultants 

The public educational program must be persistent, intensive, and aimed espe- 
cially at those individuals in the age groups in which syphilis is most frequently 
acquired 


49 Upham, J H J The Private Physician’s Part m the Syphilis Campaign, 
J Social Hyg 24 134 (March) 1938 

50 Parran, T Control of Syphilis, (a) J A A 109 205 (July 17) 1937, 
(&) Ven Dis Inform 18 223 (July) 1937 
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The Puvate Physicmn and the Conti ol of Syplnhs — The importance 
of the practitioner’s part in the control of syphilis has had great 
emphasis Clarke “ says that m the city of New York the practicing 
physicians are jnore valuable with regard to the control of syphilis 
than all the many clinics and hospitals, voluntary and official Jeans ®- 
feels that in the control of prenatal syphilis appropriate regulations 
by the state department of health and cooperation m their enforcement 
are most important Casselman states 

To control venereal disease various services should be more readily 

available The health departments should provide free labora- 

tory service, free drugs, free follow-up service and a limited amount of free 
consultation service Because much of the public health work m syphilis must 
be done by private physicians, some financial provision for this work must be 
made by health departments 

The Incidence, Pievalence and Tiend of Syphilis in Chicago — 
Usilton and her collaborators present a study of the problem of 
syphilis m Chicago which was made possible by the cooperation of all 
the clinics for syphilitic patients and 99 6 per cent of the piacticing 
physicians of that city They found that there are 14,350 patients with 
syphilis constantly under medical caie m Chicago (44 per ten thousand 
of the population) More than 15,000 residents of Chicago seek treat- 
ment foi syphilis each year, but only 2,500 of them have early syphilis 
Of the latter group, 23 per cent of the private patients and 52 per cent 
of the clinic patients leceive minimal effective treatment before lapse 
or discharge Few of the patients with late syphilis have had treatment 
for early syphilis During the period of study there was an increase 
in the numbei of patients with late syphilis who sought private medical 
care 

Syphilis and Indu-stiy — Ceitain branches of the federal government 
and some industrial organizations now lequire a routine serologic test 
for syphilis of all applicants foi positions and refuse employment to 
those whose tests give positive lesults The reasons that have been 
assigned for these legulations are 1 There is dangei of transmission 
of syphilis, especially by food handleis 2 A syphilitic person who 
uses dangerous machinery is a hazard to himself and to others 3 Theie 
IS additional financial risk to the company, because the employee may 
become disabled on account of syphilis and because courts have awarded 

51 Clarke, C W The New York City Plan for Combating Syphilis, J A 
M A 109 1021 (Sept 25) 1937 

52 Jeans, P C Coopeiation of the Private Physician in the Control of Pre- 
natal Syphilis, Yen Dis Inform 19 93 (April) 1938 

53 Casselman, A J Service Provided Physicians by the Health Department, 
Ven Dis Inform 19 159 (June) 1938 

54 Usilton, L J , Hunter, H , and Vonderlehr, R A Prevalence, Incidence 
and Trend of Syphilis in Chicago, JAMA 110 864 (March 19) 1938 
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mdustiial compensation for injuries aggravated by preexisting syphilis 
Moore has voiced objection to such a policy A positive reaction to 
a routine serologic test for syphilis should not be a criterion for refusal 
to hire 01 for dismissal of an employee The danger of tiansmission 
of syphilis through contact other than sexual is slight If the infection 
IS old there is little or no danger There are only two types of syphilis 
which are likely to cause industrial accidents, namely, cardiovascular 
syphilis and neurosyphilis (of the latter, especially the paralytic type) 
The diagnosis of these conditions can be established only by careful 
study of the physical status of the patient and m cases of neui osyphilis 
only b} examination of the cerebrospinal fluid If a hazardous occupa- 
tion IS involved and if the applicant gives a positive reaction to a 
seiologic test for syphilis, a careful study should be made, if cardio- 
vascular S 3 ^philis and neurosyphilis are excluded, employment should 
be gi anted or continued, piovided adequate treatment is available 
Syphilitic persons who are physically able to work should be allowed 
to do so 

Russell also condemns the policy of dischaiging an employee when 
it IS discoveied that he is infected with syphilis and recommends retain- 
ing him, provided adequate treatment is taken 

Life Expectancy of the SyphihHc Person — In spite of these con- 
demnatoiy opinions, XJsilton and Miner provide observations which 
if confirmed by a larger experience will serve amply to justify the 
lefusal of an employer who provides a pension system oi retirement 
allowances to employ a person with syphilis Utilizing the material 
of the Cooperative Clinical Group for actuarial study, these authors 
determined the death curve for men with acquired syphilis m contrast 
to the death curve for men of the general population They found that 
the “life expectancy of males with acquired syphilis is shortened from 
that in the general population from ages 30 to 60 years by 17 per cent 
in the white males and 30 per cent in the Negro males ’’ Charts 1 and 2 
give the curves for the mortality rate and the complete expectation of 
life, respectively, for white men with syphilis and for white men of 
the general population 

The Epidemiology of Syphilis — Baker®® contributes a discussion of 
the 1 esponsibihties of the follow-up worker Two primary responsi- 

55 Moore, J E Syphilis in Industry, West Virginia M J 34 97 (March) 
1938, Syphilis and Unemployment, J Indust Hyg & Toxicol 19 189 (May) 1937 

56 Russell, A E The Control of Syphilis in Industry, J Social Hyg 24: 
10 (Jan ) 1938 

57 Usilton, L J , and Miner, JR A Tentative Death Curve for Acquired 
Syphilis in White and Colored Males in the United States, Ven Dis Inform 
18*231 (July) 1937 

58 Baker, E M Scope of Activities of Follow-Up Worker, Ven Dis Inform 
19 163 (June) 1938 
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bilities, she says, are tracing sources of infection and contact and keep- 
ing infectious patients under treatment until they can no longei transmit 
the disease 

Ingraham reports fifteen years’ experience with “contact-tracing 
and case-holding” in New Jersey He found that 

the employment of a confidential persuasive approach to elicit a voluntary response 
from the patient, in the hands of a trained individual, is about half again as pro- 
ductive of usable epidemiologic information as is the untrained coercive approach 
The voluntary response method is likewise superior to compulsive methods in 
persuading the average suspected contact to submit to medical examination and 
to about the same degree In clinic practice women are apparently more apt to 



Chart 1 — Rate of mortality per thousand for white men with acquired syphilis 
and 'for white men of the general population, 1929 to 1931 (from Usilton and 
^iJliner The solid black line indicates data for syphilitic white men, the dash 
line, data for all white men 

give usable epidemiologic information than are men, and the colored are more 
cooperative than the white, though the personality of the inter\iewer doubtless 
affects these responses considerably 

Orgammtion of a Chmc for Patients with Syphilis — With the 
establishment of numerous new clinics throughout the country it becomes 
necessary to consider the administration, location, policies, management, 
physical equipment and personnel standards of each In a timely article 

59 Ingraham, N R Syphilis Epidemiology Applied Fifteen Years’ Experi- 
ence with Contact-Tracing and Case-Holding in New Jersey, Ven Dis Inform 
19 61 (March) 1938 
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Dixon suggests means of increasing the efficiency of a clinic He 
points out that “much of the failuie of clinic service is due to acceptance 
of assignments by physicians who either cannot or will not fill them ” 
He stresses the impoi tance of having the proper person at the admitting 
desk 

The person who occupies this important position must have uncommon ability 
to understand not only the requirements of the clinic but all the vagaries of 
human emotions and conduct in persons who find themselves confronted with a 
serious situation Field service for follow-up of delinquents is inversely 

proportional to the intelligent handling of the patient in the clinic A smile in 
the clinic is worth two automobiles m the field 



Chart 2 — Complete expectation of life for white men with acquired syphilis 
and for white men of the general population, 1929 to 1931 (from Usilton and 
Miner The solid black line indicates data for syphilitic white men , the dash 
line, data for all white men 

Funds fot SypJnbs Conti ol — An editoiial wiitei anticipates that 
congressional appropriations for the contiol of venereal disease may m 
in future be decreased rather than increased and urges each public 

60 Dixon, R S The Administration, Location, Policies, Management, Physical 
Equipment and Personnel Standards of a Syphilis Clinic, Am J Syph , Conor 
& Ven Dis 21 634 (Nov ) 1937 

61 Local Funds for Syphilis Control, editorial. Am J Syph, Conor & Ven 
Dis 21 704 (Nov) 1937 
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health officer to appioach the program of syphilis control from the 
standpoint of the pioblem of the local community 

He should make every effort to determine the incidence and prevalence of 
syphilis in his own community, the dollars’ and cents’ cost of hospital main- 
tenance of the cardiovascular and neurosyphihtic cripple, and the dollars’ and 
cents’ cost of the establishment of an adequate control program in his own city, 
county, or state These data should then be presented with all the force at his 
command to the local governmental appropriating body, the City Council, the 
County Commissioners, the State Legislature 

The passage of the La Follette-Bulwmkle bill piovides for the 
study of measures for the contiol of veneieal disease and an expansion 
of the program for venereal disease control It authorizes appropria- 
tions to the amount of $3,000,000 for the fiscal yeai beginning July 1, 
1938, $5,000,000 for the year 1939 and $7,000,000 for the yeai 1940 
and thereafter, and such sums annually as Congiess may determine for 
the purposes of the act The funds are to be expended by allocation to 
states, under the direction of the suigeon general of the United States 
Public Health Service For the fiscal year 1939 he has announced that 
80 per cent of the total amount (viz , $2,400,000) shall be allotted to 
the states as follows 24 per cent on the basis of population, 32 per cent 
on the basis of the extent of the pioblem of veneieal disease and 24 
per cent on the basis of the financial needs of the state The regulations 
lequire that the funds allotted on the basis of population must be 
matched by old oi new appropriations Piovision is made in the act 
for the training of peisonnel, and the objective is to make available 
in every state by Jan 1, 1940, geneially accepted minimal sei vices foi 
the control of venereal diseases 

Training Opportunities m Syphilis Contiol — In his address on the 
control of syphilis at the 1937 meeting of the Ameiican Medical Asso- 
ciation Parran gave as a basic principle 

There should be a trained public health staff to deal with syphilis in each state 
and city 

It was agreed by the Annual Confeience of State and Territorial Health 
Officers that 

This public health staff must comprise three categories of physicians 

(/4)Venereal disease control officers of state and municipal health departments 
(5) Physicians specially trained m the clinical aspects of syphifis 
(C) Private practitioners 

The need of additional training facilities for all three of these groups, and 
especially for the first two, was recognized and has now been met Postgraduate 
courses m venereal disease training have been organized by practicing physicians 
and health officers at the Universities of Harvard, New York, Pennsylvania, 


62 An Act to Impose Additional Duties upon the United States Public Health 
Service in Connection with the Investigation and Control of the Venereal Diseases, 
Public Law 540, 7Sth Congress of the United States, approved May 24, 1938 
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Johns Hopkins, Vanderbilt, Howard, Western Reserve, and California The well- 
organized course at Howard Unn ersity is especially for Negro physicians 

In discussing the training of a venereal disease control officer, 
Turner emphasizes the necessity for combined public health and clin- 
ical knowledge and points out that although training m the clinical and 
and field aspects of syphilis can be obtained by actual work in clinics 
and in public health departments, the same amount of training can be 
secured in a shorter period and vvitli .less effort through the medium of 
organized courses m universities Such courses should extend over a 
period of not less than six months and preferably of one year The 
work should be largely practical, with a minimum of didactic instruction 

DRUGS 

N eom sphenamine — Harrison and Probey studied the effect of 
moisture and age on the stability of neoarsphenamme Samples of the 
drug, which had been submitted as a routine to the National Institute 
of Health foi official testing, were examined after storage for varying 
periods at a temperature of about 20 C The moisture content was 
determined by drying over phosphoius pentoxide, and the stability was 
judged from the appearance of a 10 per cent solution They found 
that deteiioration is directly proportional to age and moistuie content 
but that neoarsphenamme containing not more than 1 5 per cent volatile 
material may be expected to remain stable for three years when stored 
at a temperature slightly less than 20 C Preliminary experience indi- 
cated that manufacturers should have no difficulty m keeping the moisture 
content of their product below 1 5 pei cent 

As a complement to the laboratory studies, Stephenson, Pi obey and 
Harrison investigated the relation of the age of neoarsphenamme to 
clinical reactions In a five year period (1933 to 1937) the total number 
of injections of neoarsphenamme administered m the United States 
Navy was “541,381, representing 326 lots of three different manu- 
facturers ” The age of each lot of the drug was determined from the 
records of the National Institute of Health and was correlated with the 
incidence of reactions The investigation showed that 

the reaction expectancy increases as the age of the material increases 
[Neoarsphenamme] with an average age not in excess of 3 years show^s a reaction 

63 Training Opportunities in Syphilis Control, Announcements, Am J Syph , 
Conor & Ven Dis 22 244 (March) 1938 

64 Turner, T B The Qualifications of a Venereal Disease Control Officer, 
Am J Syph , Conor & Ven Dis 22 269 (May) 1938 

65 Harrison, W T , and Probey, T F The Effect of Moisture and Age on 
the Stability of Neoarsphenamme, Pub Health Rep 53 939 (June 10) 1938 

66 Stephenson, C S , Probey, T F , and Harrison, W T The Effect of the 
Age of Neoarsphenamme on Reaction Expectancy, Pub Health Rep 53 945 (Tune 
10) 1938 
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expectancy of 1 to 1,312 doses as compared with the ratio of 1 in 870 doses in 
material older than 3 years, an increase of approximately 65 per cent 

Kraft, Harris, Robinson and Gilliand®^ made quantitative studies 
of the arsenic distribution and excretion aftei intravenous injections of 
neoarsphenamine into 65 noimal rabbits They found, as have all other 
investigators, that "the oigan predominantly concerned in the immediate 
removal of arsenic from the blood stream and its excretion is the liver 
The intestines and kidneys follow in older ” Their results also indicated 
that greater quantities of arsenic can be excreted in the urine than in 
the feces, although fiequently this does not occur 

The Action of the Aisphenamines in Vitio — The earlier studies 
on the mechanism of the action of the arsphenamines have led to the 
general belief that their theiapeutic effect depends on conversion in vivo 
to another actively spirocheticidal substance In a preliminary note, 
however, Eagle and Mendelsohn report that arsphenamme, neoars- 
phenamine, silver arsphenamme and arsenoxide cause complete immo- 
bilization in vitro of viiulent S pallida obtained from rabbit testicular 
syphilomas These immobilized organisms proved to be noninfectious 
foi rabbits Neoaisphenamuie and arsphenamme had a definite spiro- 
cheticidal effect in vitio within eight hours in dilutions of at least 1 to 

250.000, while arsenoxide immobilized the organisms in dilutions of 1 to 

1.000. 000 These concentrations, the authors point out, are of the same 
order of magnitude as those attained therapeutically Further studies 
on this important subject are in progress, with particular reference to 
the influence of collateral factors 

Mcissive Dose Method of Tieatment — ^Tzank and his collaboratois 
aie practicing a massive dose method which depends on the administra- 
tion of 1 5 Gm of neoarsphenamine on each of three successive days 
The patients are hospitalized, and each injection requires three to five 
hours, as the solution flows diop by drop In the majority of cases 
the immediate reaction is mild In the treatment of 170 patients by this 

67 Kraft, R M , Harris, S , Robinson, C S , and Gilliand, H Quantitative 
Studies on Arsenic Distribution and Excretion After Intravenous Injections of 
Neoarspbenamine, Am J Syph , Conor & Ven Dis 22 215 (March) 1938 

68 Ehrlich, P , and Hata, S The Experimental Chemotherapy of Spinlloses, 
New York, Rebman Company, 1911 Voegtlin, C The Pharmacology of 
Arsphenamme (Salvarsan) and Related Arsenicals, Physiol Rev 5 63 (Jan ) 1925 

69 Eagle, H , and Mendelsohn, W The Spirocheticidal Action of the Arsphen- 
amines on Spirocheta Pallida in Vitro, Science 87 194 (Feb 25) 1938 

70 Tzanck, A , Duperrat, R , and Lewi, S Arsenotherapie massive intra- 
veineuse par instillation goutte a goutte. Bull Soc franc de dermat et syph 44 
2028 (Dec ) 1937 , Traitement massif de la syphilis chez une malade qui avait ete 
intolerante au novar 14 ans avant, ibid 45 100 (Jan) 1938, La medication 
arsenicale massive, ibid 45 404 (March) 1938 
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method there has been 1 case of polyneuritis but no othei serious reac- 
tion The rate of healing of visible lesions was remarkable 

Covihined Fever and Chemotherapy — ^In continuing the search for 
means to shorten and to simplify the treatment of patients with early 
syphilis, Simpson and Kendell report the results of treatment of 34 
patients by a combination of mechanically induced fever and chemo- 
therapy The patients usually were treated with ten five hour sessions, 
with the temperature held betw^een 105 and 106 F and thirty injections 
either of 0 2 Gm of bismarsen or of 0 3 Gm of neoarsphenamine and a 
bismuth compound At the time of the report the patients had been 
follow^ed from one to four 3 ^ears after treatment had been completed, 
wuth no relapse observed In contrast, relapse occurred in 2 of 6 patients 
vho had received only the same amount of fever, and m 4 of 15 patients 
ivho had been given only the same amount of chemotherapy The 
authors conclude 

While there exists no longer any valid reason to doubt the efficacy of artificial 
fever therapy in the tieatment of neurosyphilis, the application of artificial fever 
therapj’’ combined with chemotherapy to the treatment of early syphilis should be 
regarded as a strictly experimental undertaking for the next several years It 
is obvious that the combined fever-chemotherapy method is not applicable at the 
present stage of its development to any mass management of the million or more 
individuals in this country who urgently require adequate treatment for syphilis 
each year The standard schema of continuous chemotherapy proposed by the 
Cooperative Clinical Group of the U S Public Health Service provides the logical 
method for a mass attack upon the enormous number of cases of early syphilis 
which occur each year 

There is, however, urgent need for vigorous investigation of the possibility 
of reducing the time, inconvenience, and expense which characterize the present-day 
methods of treatment Furthermore, there is evidence that the majority of patients 
now receive inadequate therapy and that inefficient chemotherapy interferes with 
natural reactive and curative forces 

The experimental treatment of early syphilis in 34 patients with artificial fe\er 
combined with chemotherapy appears to indicate that artificial fever intensifies the 
curative action of chemotherapeutic agents There is evidence that the time required 
for adequate treatment of most cases of early syphilis can be greatly reduced 
There is also evidence which indicates that smaller doses of chemical therapy 
administered over a shorter period exert an equal or greater curative action when 
combined with fever therapy than larger quantities of chemotherapy alone given 
over longer periods 

Fever therapy alone or chemotherapy alone, as applied to the control groups 
of patients in this study, was inadequate in a high proportion of cases In certain 
instances in which syphilitic lesions progressed in spite of chemotherapy, these 
lesions began to heal promptly after instituting fever therapy 

The Kahn quantitative serologic procedure, as distinguished from the standard 
diagnostic test, appears to provide a sensitive and reliable guide to therapeutic 

71 Simpson, W M , and Kendell, H W Expenmental Treatment of Early 
Syphilis with Artificial Fever Combined with Chemotherapy, Am J Syph Conor 
& Ven Dis 21*526 (Sept) 1937 
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response Such quantitative measurements of the relative potency of the serum and 
spinal fluid of syphilitic persons provide the physician with an indication of the 
need for more treatment or for a different kind of treatment 

The response of certain patients who received a relatively short course of fever 
therapy, combined with chemotherapy, suggests that an equally favorable outcome 
might result from a shorter course of fever therapy in those patients who exhibit 
a prompt and uniform decline in the serologic reactions as measured by truly 
quantitative tests Conversely, it is quite apparent that certain patients will require 
larger amounts of fever therapy or chemotherapy, or both The urgent problem 
IS to determine the minimum amount of effective fever therapy, combined with the 
minimum amount of chemotherapy, which will assure clinical and serologic cure, 
with full recognition of the probability that there will be occasional cases in which 
such minimum quantities will not be adequate It is in this latter group of refractory 
cases that some quantitative serologic guide, such as the Kahn quantitative reaction, 
appears to be of indispensable value 

The constant development of simpler and safer methods for the production of 
artificial fever should stimulate vigorous inquiry of the possibility that the time, 
effort, and expense involved in the adequate therapy of early syphilis may be greatl}' 
lessened Such studies should be restricted to those large clinics in which adequately 
trained personnel may engage in long-term, controlled experiments 

Maphaisen — Mapharsen continues to leceive much favoiable atten- 
tion in the liteiatuie Evidence has now accumulated to indicate that 
it IS probably equal oi supeiioi to neoarsphenamine m theiapeutic eftect 
and that it pioduces fewei reactions than any of the aisphenamine piod- 
ucts The practically complete absence of nitiitoid reactions and blood 
dyscrasias after its use and the low incidence of post-treatment deima- 
titis or jaundice are especially lemaikable 

Cole and Palmer,’’- Mai shall’® and Schmidt and Tayloi lepoit on 
carefully studied groups of patients with various types of syphilis wdio 
were treated with mapharsen These authors are in extraoidinaiy una- 
nimity in confirming the previous lepoits ^ regarding the efficacy of 
this drug 

From a discussion of then experiences wnth maphaisen in the treat- 
ment of patients with latent syphilis, Asti achan and Wise conclude 

The mam objectives of the therapy of late latent sjphihs may be obtained with 
equally good effects by mapharsen and neoarsphenamine Mapharsen, how'ever, 
being a drug of relatively lower toxicity, is preferable m late latent syphilis to 
other drugs possessing a greater tendency to produce untoward reactions 

72 Cole, H N, and Palmer, R B Mapharsen in the Treatment of Sjphilis, 
Arch Dermat & Syph 36 561 (Sept) 1937 

73 Marshall, J 'W The Treatment of Syphilis with Mapharsen, Am J Syph , 
Conor & Yen Dis 21 645 (Nov ) 1937 

74 Schmidt, L E, and Taylor, G G The Treatment of Sj^philis w’lth 
Mapharsen, Am J Syph , Conor & Yen Dis 21 402 (July) 1937 

75 Astrachan, G D , and Wise, F Further Experiences with Mapharsen 
Its Use in Latent Syphilis, Am J Syph , Conor & Yen Dis 22 470 (July) 1938 
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Chaigm and Leifei treated with mapharsen 50 syphilitic patients 
who showed seroresistance and found the drug neither more nor less 
effective than the other arsenicals in influencing the serologic reaction 

Morgan "" on the basis of his experience, concludes that in the treat- 
ment of congenital syphilis, mapharsen is the most powerful agent in 
effecting seiologic “cuie” 

Jordan and Traenkle report a study of 110 patients, who had pie- 
wously leacted unfavoiably to the arsphenammes, to whom they gave 
mapharsen Most of the patients who had had gastrointestinal reac- 
tions after the administration of the aisphenamines tolerated maphaisen 
well Of 20 patients who had had seveie mtiitoid reactions to an 
arsphenamine, not one had the reaction after an injection of maphaisen 
Eighteen patients who had had postarsphenamine jaundice also were 
treated, and 16 tolerated the treatment well In the other 2 patients 
jaundice lecmred after the third and twelfth injections, i espectively, 
of maphaisen Two patients who had previously suffered fiom mild 
papular postal sphenamine dermatitis, toleiated an aveiage of seventeen 
injections of mapharsen without recurrence of the dermatitis, and 
another, who had had a plaquehke arsphenamine dermatitis, was able 
to take eight injections of mapharsen, each of 0 03 Gm Of 2 patients 
who had had urticaria after treatment with arsphenamine, 1 had urti- 
caiia after an injection of 0 01 Gm of mapharsen and the other showed 
no untoward effect after fourteen injections of 0 04 Gm A recurrence 
of a previous fixed eruption due to arsphenamine developed in 1 patient 
after two injections of 0 03 Gm of mapharsen, and in another a mild 
lecuiience of a crustaceous arsphenamine dermatitis appeared after the 
second injection of 0 01 Gm of maphaisen 

Bismuth — Wright reports the results shown by 6 patients with 
early syphilis who from necessity were treated with bismuth alone 
for eighteen months to two years Clinical and serologic “cure” 
lesulted, and no i elapse has occurred 

76 Chargin, L , and Leifer, W Mapharsen m Wassermann-Fast Syphilis, 
Am J Syph , Conor & Ven Dis 22 355 (May) 1938 

77 Morgan, E A The Value of Mapharsen in the Treatment of Congenital 
Syphilis, Canad M A J 38 52 (Jan ) 1938 

78 Jordan, J W , and Traenkle, H L Reactions to Mapharsen, with Special 
Reference to Its Use in Patients Who React to the Arsphenammes, Arch Dermat 
& Syph 36 1158 (Dec) 1937 

79 Wright, C S Bismuth in Early Syphilis Results in Seven Cases in 
Which Sole Reliance Was Placed on This Drug, J Chemotherapy 15 1 (April) 
1938 
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Waugh and Hearing found that thio-bismol (sodium bismuth 
thioglycollate) injected subcutaneously is satisfactory foi clinical use 
m the treatment of patients with syphilis They conclude, therefore, 
that it may be given to seamen for self administration while at sea 
Castallo and Rakoff treated 34 pregnant syphilitic women solely 
with weekly injections of 2 cc of a 10 per cent solution of quinine 
lodobismuthate (a red precipitate suspended in oil, with a bismuth content 
of 23 85 per cent) Twenty-six of the group were discharged with 
living, apparently healthy children, but 6 babies weie stillboin, 1 died 
neonatally and 1 lived to show infection with syphilis This clearly 
establishes the inefficacy of quinine lodobismuthate m the doses employed 
for the treatment of syphilis during pregnancy It seems obvious, how- 
ever, that the study constitutes a type of unnecessary and unjustified 
human experimentation which is to be condemned 

For the sake of uniformity Reindollar suggests the following 
specifications for bismuth subsalicylate, which pharmaceutic manufac- 
turers would do well to adopt 

The Compound — Bismuth subsalicylate in oil contains 10 gm of finely ground 
U S P bismuth subsalicylate in sufficient peanut oil to make 100 cc It meets 
the official requirements for purity, quality, and sterility adopted by the National 
Formnloty VI for ampules of bismuth subsalicylate 

The Label — The label shall bear a statement of the kind of oil used The 
concentration of bismuth salt shall be expressed as the quantity of bismuth sub- 
salicylate, m grams, mice of suspension 

lodobumitol — Bainett and Kulchar®® studied the records of 827 
patients with various forms of late syphilis who had been treated with 
lodobismitol with sahgenin, usually with alternate couises of an arsenical 
The results were completely satisfactory 

Hanzhk presents new evidence of penetration of the cerebro- 
spinal fluid by bismuth aftei treatment with lodobismitol with sahgenin 
The concentrations of bismuth weie found to be variable, somewhat 
higher than previously reported and unrelated to the total dose of the 
drug, to other treatment or to the stage of the disease 

80 Waugh, J R, and Heermg, E R Subcutaneous Self-Admimsti ation of 
Bismuth for Selected Syphilitic Patients, Hosp News 5 27 (April) 1938 

81 Castallo, M A , and Rakoff, A E Quinine lodobismuthate in the Treat- 
ment of Syphilis Complicating Pregnancy, Am J Obst & Gynec 35 137 (Jan ) 
1938 

82 Reindollar, W F Suggested Specifications for Bismuth Subsalicylate in 
Oil, Am J Syph , Conor & Ven Dis 21 679 (Nov ) 1937 

83 Barnett, C, and Kulchar, V lodobismitol in the Treatment of Syphilis, 
J A M A 109 1715 (Nov 20) 1937 

84 Hanzhk, P J Bismuth in Cerebrospinal Fluid After Administration of 
lodobismitol, Arch Dermat & Syph 37 1003 (June) 1938 
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Otal Adimmsti ahon of B^smutiafe — ^Thomas®® tieated 12 patients 
(9 with secondary lesions, 2 with a mucocutaneous relapse and 1 with a 
primary lesion on the hp) with bismutrate by mouth and was unable 
to confirm the favorable reports of Mulzer and Seiefis on the efficacy 
of this drug when administered orally She concludes “The pro- 
motion and sale of oral bismuth preparations should be curbed until 
more convincing proof of their effectiveness is produced ” 

Sohsminol — Pursuant to a preliminary report®’' on sobismmol, 
Hanzhk, Lehman, Richardson and Van Winkel ®® now present data 
from animal experiments from twelve detailed observations of the 
excretion of 7 persons after the administration of various doses of 
sobismmol and from weekly determinations of the bismuth content of 
the urine of 70 patients who were regularly leceiving the drug The 
results obtained leave no doubt of a prompt and well sustained absorp- 
tion of bismuth and indicate that the oral administration of sobismmol 
in daily doses of 1 2 to 18 Gm bids fair to be a piactical therapeutic 
measure 

Sollmann and his associates®® found that the oial administration 
of similar doses of sobismmol daily for thiee weeks gave curves for 
urinary excretion closely lesemblmg those found after the mtiamuscular 
injection of water-soluble and oil-soluble bismuth compounds The 
oral administration of bismuth and potassium taitrate, of sodium bismuth 
tartrate and of glycerite of bismuth m the advised doses, however, 
resulted in the excretion of therapeutically insignificant quantities of 
bismuth in the urine 

85 Thomas, C C Clinical Evaluation of Oral Bismuth (Bismutrate) Therapy 
m Early Infectious Syphilis in the Female, Am J Syph , Conor & Ven Dis 21 
513 (Sept) 1937 

85a According to the manufacturer, the composition of bismutrate is as follows 
a complex ammoacid-bismuth salt of oxytncarballylic aad (bismuth chloride, 
sodium citrate, glycerine and liver extract), 6414 per cent, saccharinum album, 
25 6 per cent , talc, 3 3 per cent , stearic acid, 0 65 per cent , oil of anise, 0 01 per 
cent, succus glycymtus, 3 3 per cent Each tablet contains 200 mg of metallic 
bismuth 

86 Mulzer, F, and Serefis, S Die perorale Wismutbehandlung der Syphilis, 
Munchen med Wchnschr 81 1525 (Oct 5) 1934 

87 Hanzhk, P J , Lehman, A J, and Richardson, A P Sodium Bis- 

muthate Soluble, Am J Syph , Conor & Ven Dis 21 1 (Jan ) 1937 

88 Hanzhk, P J , Lehman, A J , Richardson, A P , and Van Winkle, W 
Clinical Excretion of Bismuth After Oral Admimstration of Sobismmol, Arch 
Dermat & Syph 36 708 (Oct) 1937, Castromtestinal Administration of Sobis- 
minol Absorption, Distribution and Excretion of Bismuth, J Pharmacol & Exper 
Therap 62*54 (Jan) 1938 

89 Sollmann, T , Cole, H N , Henderson, K , Binkley, C W , Connor, 
H , Cooper, C , Schwartz, W F , Sullivan, M , and Love, W R Clinical Excre- 
tion of Bismuth V Excretion of Sobismmol and of Some Other Bismuth 
Preparations for Oral Administration, Arch Dermat & Syph 37:993 (June) 1938 
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Exaetwn of Bismuth — Sollmann and his co-workers found that 
the urinary excietion of lodobismitol aftei intramuscular injection 
resembled that of other watei -soluble bismuth compounds The excie- 
tion of lodobismitol was distinctly more sustained, however, so that 
two injections a week sufficed to maintain the same level of excretion 
as that obtained with thiee injections a week of citrate or tartrate AVith 
thio-bismol (sodium bismuth thioglycollate), on the other hand, inten- 
sive urinary excretion was of short duration, the peak being reached 
on the day of the injection, with a low level shown on the succeeding 
day It IS therefore especially suited for rapidly attaining a relatively 
high concentration of bismuth foi a brief period 

In order to con elate then numerous clinical studies of excietion with 
data on direct absorption, Sollmann and Hendeison®^ compared a 
senes of bismuth compounds by detei mining the unabsorbed bismuth 
to be found at the site (usually) forty-eight hours after mtramusculai 
injection into dogs The preparations of bismuth studied may be 
arianged m four groups m descending order with regard to absoiption 
The highest was noted for thio-bismol, which was completely absorbed 
m two hours, the other aqueous solutions fell m the second and third 
groups, the oil solutions in the second, third and fourth groups and the 
oili suspensions m the fourth group 

The observatrons of Tauber and Clarke®- indicate that experimental 
animals reach a point bejond which no moie bismuth is deposited m 
the viscera, regardless of dosage or length of administration 

From a study of the distribution of bismuth m the viscera of animals 
to which the drug had been given m various doses, the Fishbacks 
draw some important conclusions They found that while the kidney 
contained the highest concentration of bismuth, the greatest quantity 
of the drug was m the liver In both of these organs, however, the 
accumulated bismuth was stored m the epithelial cells and rvas on its 
vay out of the body, the authors feel that it is unlikely that significant 

90 Sollmann, T , Cole, H N , Henderson, K , Binkley, G W , Connor, 
W H , and Sullivan, M Clinical Excretion of Bismuth II The Urinary 
Excretion of Bismuth After Clinical Intramuscular Injections of Sodium lodobis- 
muthite (Sodium Bismuth Iodide, lodobismitol) and Sodium Bismuth Thioglycollate 
(Thiobismol), Am J Syph, Conor & Ven Dis 21 4S0 (Sept) 1937, III Fecal 
and Total Excretion, ibid 21 492 (Sept) 1937, IV Late Excretion of Bismuth 
After Cessation of Treatment, ibid 21 506 (Sept) 1937 

91 Sollmann, T , and Henderson, K Clinical Excretion of Bismuth VI The 
Bismuth Absorption from the Site of Injection in Dogs, Am J Syph , Conor & 
Ven Dis 22 286 (May) 1938 

92 Tauber, E B , and Clarke, G E Daily Peroral Administration of Soluble 
Bismuth to Experimental Animals, J Invest Dermat 1 109 (March) 1938 

93 Fishback, H R, and Fishback, D Experimental Studies on Long-Con- 
tinued Administration of Bismuth, J Lab & Clin Med 23 127 (Nov ) 1937 
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resorption can take place from these deposits The bones, on the other 
hand, contained a much lower concentration of the metal, but they pio- 
vide the major storehouse from which the metal can be remobilized 
Hanzhk, Lehman, Richardson and Van Winkle®^ describe a lapid 
clinical method of estimating the bismuth content of urine 

Mercury — Sidlick and Strauss®® pose the question, ‘Ts meicuiy a 
specific for syphilis In a clinical experiment ( f oi which thei e seems 
no justification) on 10 patients who had primaiy syphilis and who 
showed negative results of serologic tests, they gave daily inunctions 
of 4 Gm of 50 per cent mercury ointment Tieatment was conti oiled 
by caieful daily observation and seiologic tests eveiy third day Under 
this regimen all the patients showed a positive i eaction to sei ologic tests 
of the blood and clinical evidence of secondaiy syphilis 

Other Dings — Sodium Thiosulfate Ayers and Anderson®® add 
to the confusing reports of the use of sodium thiosulfate for the lelief 
of arsenical reactions They obtained arsenic deteiminations for the 
urine of 49 patients with various cutaneous diseases in whom ai seme was 
suspected of being an etiologic factor The tests were made befoie and 
immediately after a single injection of 10 cc of a 10 pei cent solution of 
sodium thiosulfate Eighty per cent showed a tenfold to hundredfold 
increase in the arsenic content of the urine after the injection 

Sulfanilamide Campbell ®’' found that sulfanilamide, admmistei ed 
in sufficiently large doses to constitute a valid therapeutic test, had no 
effect on experimental syphilis in the labbit 

Ruthenium, Thorium, Rubidium, Cesium, Beryllium, Magnesium, 
Boron, Silicon, Zirconium, Hafnium, Phosphorus, Sulfur, Fluorine, 
Bromine, Rhenium and Eibium Jahnel ®® continues his investigations 
on the chemotherapeutic action of a wide variety of elements and then 
compounds He found that compounds of ruthenium exerted a slight 
effect m trypanosomiasis but had no effect on experimental syphilis in 
the rabbit Similar negative results in cases of experimental syphilis ®® 

94 Hanzhk, P J , Lehman, A J , Richardson, A P , and Van Winkle, W 
Rapid Method for Estimation of Bismuth in Urine, Arch Dermat & Syph 36 725 
(Oct) 1937 

95 Sidlick, D M, and Strauss, A Is Mercury a Specific for Syphilis^ 
Preliminary Report, Am J Syph , Conor & Ven Dis 22 358 (May) 1938 

96 Ayers, S , Jr , and Anderson, N P Sodium Thiosulfate and the Elimina- 
tion of Arsenic, JAMA 110 886 (March 19) 1938 

97 Campbell, A D Note on the Failure of Sulfanilamide to Affect Syphilis 
m the Rabbit, Am J Syph, Conor & Ven Dis 21 524 (Sept) 1937 

98 Jahnel, F Prufung der chemotherapeutischen Wirkung des Rutheniums 
bei der expenmentellen Syphilis, Ztschr f Immunitatsforsch u exper Therap 91 
312 (Oct 15) 1937 

99 Jahnel, F • Besitzen Thoriumverbindungen erne Heihvirkung bei Syphilis’ 
Ztschr f Immunitatsforsch u exper Therap 92 86 (Jan ) 1938 
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were obtained with thoiium chloride, thorium nitrate and thoiium sulfate 
and with compounds of rubidium, cesium, beryllium, magnesium, boion, 
yttrium, ^silicon, zirconium, hafnium, phosphorus, sulfur, fluorine, 
bromin^;f i henium and erbium 

UNTOWARD EFFECTS OF TREATMENT 

Ai sphenamine Det mahtis — Epstein presents a discussion of post- 
arsphenamine exfoliative dermatitis which is based on a study of 59 
patients who had suffered from this distressing complication Thirty- 
one of the patients had been treated by a well established routine, for 
the 28 others, treatment had been rather highly individualized Other- 
wise the groups were similar From this study he concludes that 
arsphenamine dermatitis is laigely a preventable complication of the 
treatment of syphilis and that its incidence might be i educed by the 
preparation of all patients with late syphilis by means of treatment with 
heavy metal before institution of treatment with the arsphenammes 

He found that the leaction is most likely to occur during the first 
course of treatment with arsphenamine, it is more frequent when the 
patients are receiving simultaneous arsenical and heavy metal therapy 
and It shows a mortality rate of appioximately 18 pei cent It was 
clear that the patients who weie treated by the established routine 
method did better than those who received highly individualized types 
of treatment 

The dermatitis which develops after the admimstiation of a tnvalent 
arsenical is usually group specific and does not extend to the penta- 
valent compounds of aisenic Epstein,^®^ however, reports on 2 patients, 
who were known to be sensitive to members of the arsphenamine series, 
in whom mild lecurrences of exfoliative dermatitis appeared after the 
intravenous injection of tryparsamide in 1 case and after the insertion 
of devegan (a proprietary pieparation containing acetarsone) into the 
vagina m the other The rarity of this situation is exemplified by the 
fact that Elhs,^°® reporting a case of tryparsamide dermatitis of his 
own and reviewing the 11 previously reported cases m the literature, 
does not mention a similar example 

100 Jahnel, F Chemotherapeutische Prufung einer Reihe von chemischen 
Elementen bei expenmenteller Syphilis, die bei dieser Infektion noch nicht Versucht 
worden sind, Ztschr f Immunitatsforsch u exper Therap 93 184 (June 11) 1938 

101 Epstein, E Postarsphenamme Exfoliative Dermafitis, JAMA 109 
117 (July 10) 1937 

102 Epstein, E Sensitivity to Both Tnvalent and Pentavalent Arsenicals, 
Arch Dermat & Syph 36 964 (Nov ) 1937 

103 Ellis, F A Tryparsamide Dermatitis, Am J Syph, Conor & Ven 
Dis 22 336 (May) 1938 
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Treatment of Peripheral Neuritis with Vitamin — Gallo witsch 

leports on a patient with severe and extensive peripheral pol)fneuiitis 
who made a dramatic recovery after treatment with vitamin The 
polyneuritis was thought to be due to the administration of a compound 
which contained arsenic, but the etiologic relation was fai fiom 
established 

Relation of Vitamin C to Arsenical Reactions — The possible rela- 
tion of vitamin C deficiency to aisenical reactions is leceivmg an 
inci easing amount of attention in the literature Unfortunately the 
papers which have appeared so far are relatively unconvincing The 
question has not yet been approached from the experimental standpoint, 
though It seems vital to determine in animals whether, if the combina- 
tion of vitamin C and arsphenamme actually i educes the toxicity of 
the lattei, it may not also concomitantly i educe its therapeutic efficiency 
Dainow says that his patients with vitamin C deficiency showed signs 
of arsenical intolerance which increased m severity with increase m the 
degree of hypovitammosis Patients who showed no evidence of 
hypovitaminosis, howevei, bore the arsenic well On this basis he con- 
cludes that ascorbic acid prevents the oxidation of arsphenamme in the 
tissues and therefore decreases its toxicity 

Cormia states the following conclusion 

Variations in the vitamin C content of the diet, ranging from 0 025 to 0 2 mg of 
cevitamic acid per day, had little if any influence on the development of cutaneous 
hypersensitivity in guinea pigs At the lower levels of vitamin C diets, death from 
scurvy was common A low vitamin C diet resulted in more indolent and more 
severe reactions than was previously encountered in a series of normal guinea pigs 

Friend and Marquis found a low vitamin C content of the blood 
m 5 patients who showed signs of arsenical intoxication, such as derma- 
titis, hepatitis, jaundice and nitritoid reactions They conclude that in 
the absence of reactions, arsenical preparations do not cause any definite 
lowering of the vitamin C content but that in patients who do react a 
low vitamin C content of the plasma is appai ently a result of the reaction 
lather than a predisposing factor 

From experiments with rabbits, Veisaii suggests that the detoxi- 
cating action of the ammo acids, liver extracts and ammoacetic acid 

104 Gallowitsch, P Betaxin (Vitamin Bi) bei Arsen-Polyneuritis, Munchen 
med Wchnschr 84 1138 (July 16) 1937 

105 Dainow, I Intolerance aux arsenobenzenes et vitamine C, Presse med 
45 1670 (Nov 24) 1937 

106 Cormia, F E Experimental Arsphenamme Dermatitis The Influence 
of Vitamin C in the Production of Arsphenamme Sensitiveness, Canad M A J 
36 392 (April) 1937 

107 Friend, D G , and Marquis, H H Arsphenamme Sensitivity and 
Vitamin C, Am J Syph , Gonor & Ven Dis 22 239 (March) 1938 

108 Versan, A Ricerche sperimentali sulla azione svelenatnce della glico- 
colla per gli arsenobenzoli, Riforma med 53 1443 (Oct 9) 1937 
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on arsphenammes is probably due to a protective synthesis, aminoacetic 
acid reacting with the drug to form a haimless product, which is 
eliminated 

Cei ehi al Dishu hances Accompanying Eiythema of the Ninth Day — 
Mihan’^®® discusses the differential diagnosis of seious apoplexy caused 
by arsenicals and the cerebral disturbances which accompany erythema 
of the ninth da}’’ Serous apoplexy is a grave complication Usually 
on the first day there is excruciating headache, and the next day epilepti- 
form attacks occur, followed shortly by coma and death The cerebro- 
spinal fluid is rich in albumin but contains few or no lymphocytes 
Cerebral distuibances accompanying erythema of the ninth day, hovever, 
are less serious Symptoms usually appear the day aftei the eruption 
develops There may be confusion, agitation, some dehiium, hyper- 
esthesia of the skin and twitching of the muscles Recovery is the 
rule The findings in the cei ebrospinal fluid are characteristic There 
are always albuminosis (the value for albumin vaiying fiom 0 7 to 1 5 
Gni ) and lymphocytosis (the lymphocytes showing a peicentage -saiy- 
ing from 34 to 75) 

Hepatic Inpii y fi oni Asphenanune — Softer and his colleagues 
report studies of the electiolytes of the blood and urine of 11 dogs in 
which acute diffuse hepatic parenchymal damage had been pioduced by 
the intravenous injection of arsphenamine, the dose langing fiom 40 
to 80 mg per kilogram of body weight Nine of the dogs died and 2 
recovered The most sti iking changes which they dlsco^eled were 
hemoconcentration, hypochloremia, a decrease in the caibonate content 
of the blood and an increase in the contents of lactic acid and inorganic 
phosphorus compounds In 3 of the 11 dogs severe hypoglycemia also 
developed 

The authois do not relate their findings to the treatment of patients 
suffering from postarsphenamme jaundice It seems clear, however, 
that their experimental data provide a lationale for the treatment of 
such patients with intravenous injections of solutions of sodium chloride 
and dextrose which has long been done empirically 

Hemorrhagic Encephalitis — ^RusselU’-^ desciibes 3 examples of hem- 
orrhagic encephalitis following arsphenamine medication, m which there 
also occurred nonhemorrhagic perivascular areas of necrosis and 
demyehnation 

109 Milian, G L’erytheme du 9® jour avec encephalite, Bull et mem Soc 
med d hop de Pans 53 1372 (Nov 22) 1937 

110 Softer, L J , Dantes, D A , and Sobotka, H Electrolytes of Blood 
and Urine of Dogs with Acute Hepatic Injury Produced by Arsphenamine, Arch 
Int Med 60 509 (Sept) 1937 

111 Russell, D S Changes in the Central Nervous System Following 
Arsphenamine Medication, J Path & Bact 45 357 (Sept) 1937 
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Tiypmsamide and Atrophy of the Optic Neive — Mayei repoits 
on a group of 155 patients with nemos}' philis who were tieated with 
tryparsamide Fifty-four of the group had been observed by an oph- 
thalmologist foi at least five years, and 10 of these were said to have 
atrophy of the optic nerve, although the basis for the diagnosis is 
not clear Two patients became blind, and 4 others showed constiiction 
of the visual fields The author concludes 

It would seem fair to state that tryparsamide under proper control is less 
dangerous than at first considered, even if optic atrophy has already become 
apparent Patients with optic atrophy due to syphilis should ha^e the 

advantage of the use of tryparsamide when the drug is indicated 

Bismuth Dcnnofitis — ^Jordon and Walker repoit on 2 patients 
in wdiom seveie exfoliative dermatitis developed after the adnimistia- 
tion of a bismuth compound In one instance camphobismol (a solution 
in olive oil of a basic bismuth dernative of camphocarboxyhc acid) 
had been used and in the other a suspension of bismuth subsalicylate 
in oil Both patients previously had had exfoliative deimatitis after 
the administration of an arsphenamine The authors felt, however, that 
an arsenic compound as the precipitator of the reactions appaiently 
related to bismuth could be excluded They conclude that sensitivity 
to an arsphenamine may piedispose to or be accompanied by sensitivity 
to bismuth compounds 

Phosphatase Deteimmations as an Index of Hepatic Damage — From 
their studies Lamb and Blakely reach the following conclusion 

Syphilis pel se^ does not elevate the blood plasma phosphatase [but] 

long continued neoarsphenamine administration in therapeutic doses causes a slight 
elevation Phosphatase determinations may be of value as a means of indi- 

cating early liver damage in cases under treatment with neoarsphenamine 

Effect of Cystine — From theoretic considerations. Jurist and Chris- 
tiansen reasoned that the administration of cystine might serve to 
reduce the toxicity of the arsphenamines Experimentally, however, 
the toxicity of neoarsphenamine for albino rats was not materially 
reduced by the oral administration of 1 Gm of cystine per kilogram of 
body weight on the day following the injection of 350 mg of neoars- 

112 Mayer, L Tryparsamide Therapy of Neuros 3 'philis and Atrophy of the 
Optic Nerve, J A M A t09 1793 (Nov 27) 1937 

113 Jordon, J W, and Walker, H L Dermatitis Due to Bismuth Com- 
pounds Associated with Cutaneous Sensitivity to Arsenobenzols, New York State 
J Med 38 483 (April 1) 1938 

114 Lamb, C L , and Blakely, E A Study of the Phosphatase Elevation in 
Neoarsphenamine Administration, New England J Med 217.353 (Aug 26) 1937 

115 Jurist, A E, and Chrisbansen, W G The Effect of Cjstine on the 
Toxicity and Trypanocidal Activity of Neoarsphenamine, J Am Pharm A 26 
497 (June) 1937 
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phenamine per kilogram On the other hand, when doses of 250 and 
500 mg of cystine per kilogram of body weight were administered orally 
on the day following the injection of from 5 to 9 mg of neoarsphen- 
amine per kilogram of body weight to albino rats with trypanosomiasis, 
the trypanocidal action of the arsenical was clearly reduced 

THE PROPHYLAXIS OP SYPHILIS 

Cautley, Beebe and Dickinson emphasize the usefulness of good 
rubber sheaths in piophylaxis of venereal disease However, they 
point out that unfortunately only about 5 per cent of the rubber sheaths 
now sold in the United States are fit for use and that present methods 
for the evaluation of condoms aie inadequate They suggest that phy- 
sicians should originate attempts to improve and control the quality of 
the mechanical prophylactic equipment that is manufactured In this 
connection it is a matter of interest that the Food and Drugs Administra- 
tion of the United States Department of Agriculture has undertaken 
the supervision of venereal disease prophylactics This supervision will 
apply not only to chemical substances sold for pievention of venereal 
disease (e g , sanitubes of one or another make) but also to condoms 

Chemical Pi ophylaas — Mahoney’s results indicate that prophy- 
laxis by means of soap and water followed by inunction with mercurous 
chloride has a sound scientific basis, piovided the soap and water is 
used within the first hour after the initial exposure and the ointment 
IS thoroughly rubbed in The importance of the time element was 
shown by ingenious studies A suspension of S pallida was deposited 
on the intact genital mucosa of male rabbits, and at successive intervals 
the animals were killed for histologic study One hour after exposure 
began the organisms occupied a more or less piotected position in the 
crypts of the mucous membianes In two hours theie was evidence of 
penetration of the deeper tissues, and in three hours the organism had 
penetrated to a depth that would preclude the direct influence of any 
agent applied to the surface 

Chemotherapeutic Prophylaxis — Levaditi found that as long as 
a high enough bismuth content was maintained m experimental animals, 
syphilis was prevented When administration of bismuth was discon- 
tinued, however, the animals became susceptible as soon as the metal 
leserve fell below that required for protection 

116 Cautley, R , Beebe, G W, and Dickinson, R Rubber Sheaths as 
Venereal Disease Prophylactics, Am J M Sc 195 155 (Feb ) 1938 

117 Mechanical Prophylaxis, editorial, Am J Syph , Conor & Ven Dis 21 
70S (Nov) 1937 

118 Syphilis Prophylaxis, Notes and Comments, U S Nav M Bull 36 121 
(Jan) 1938 

119 Levaditi, C Metallo-prevention bismuthique de la syphilis, Bull Soc 
path exot 30 849 (Nov 16) 1937 
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duration and in those who suffered a relapse after previous treatment 
In the absence of clinical relapse, however, changes in the cerebiospinal 
fluid of patients with secondary syphilis occurred with the same frequency 
and intensity whether or not they had received treatment 

In these groups, pleocytosis was the most commonly observed abnoi - 
mahty, with an inciease in the protein content second in frequency A 
positive reaction to the complement fixation test of the ceiebiospmal 
fluid of patients with early syphilis was rarely observed 

Studies of the cerebrospinal fluid of patients with late oi clinically 
latent infection revealed that abnormalities not infrequently occurred 
There were, however, no conclusions to be drawn 

In the second poition of the monograph, data of crucial impoitance 
are presented Of the 1,521 patients who had had one or moie examina- 
tions of the cerebrospinal fluid early m the course of their infection with 
syphilis, 147 underwent repuncture one to thirteen years aftei the 
institution of treatment The reexaminations revealed that (especially 
minor) abnormalities of the cerebrospinal fluid which are detected eaily 
in the course of the disease may disappear For those patients whose 
cerebrospinal fluid on second examination revealed abnoi mahties, how- 
ever, the first examination also had revealed abnormalities, piovided 
it had not been made too early in the course of the infection The 
late development of neurosyphilis was not observed among patients 
with clinically latent syphilis and normal spinal fluid The author points 
out the value of the central index of the State Serum Institute of 
Denmark, where every syphilitic person is registered, thus making pos- 
sible a study of this kind 

Chnical Phenomena m Early Syphihs — Skeletal Manifestations 
Although osseous lesions are a common phenomenon in cases of late 
syphihs and many patients with early syphihs complain of pains in the 
bones and joints, syphilitic lesions are rarely demonstrable in the bones 
of patients with early syphihs The case reported by Newman and 
Saunders is therefore of great interest Their patient was a woman 
28 years of age who complained of excruciating pain in all her extrem- 
ities Examination revealed a nondescript cutaneous eruption and a 
shallow ulcer on the tongue Roentgenologic examination disclosed 
multiple areas of bony destruction involving the outer table of the 
frontal bone of the skull, the cortex of the right radius, both ulnas, 
the neck of the left humerus and both tibias The serologic test foi 
syphilis gave a positive reaction, and on the basis of the ensemble a 
diagnosis of secondary syphihs was made She improved dramatically 
with antisyphilitic treatment 

122 Newman, B A , and Saunders, H C Skeletal System Manifestations 
During Secondary Syphilis, New York State J Med 38 788 (May IS) 1938 
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Syphilitic Epidid 3 'mitis Accoiding to McLachlan/-^ syphilitic epi- 
did 3 mitis is more common than the number of published reports indi- 
cates The diagnosis depends on the exclusion of other causes, the 
piesence of serologic or other clinical evidence of S 3 ^philis, the demon- 
stiation of S pallida in the lesion, complete resolution undei anti- 
S3’'phihtic tieatment and no clinical alteration of the testes during the 
peiiod of observation He presents repoits of 7 such cases, 3 of which 
occuired in patients with early S 3 ^phihs and 4 m patients late in the 
couise of the disease 

Capillai oscopic Appearance of the Chancre Nicolas and Liber- 
man^-’* describe characteiistic differences in the capillaroscopic appear- 
ance of chancioid and chaiicie Chancres aie paler, and the capiIIai^ 
loops show a veitical arrangement, wheieas m chancioid the loops are 
horizontal to the planes of the skin This accounts for the undei mining 
m chancioid 

Tieatment of Eaily Syphilis — Sezaiy and Gallerand point out 
that since Ehihch’s dream of theiapia stenlisans for S 3 ^philis, investi- 
gatois have not ceased to search for the treatment which if instituted 
earty m the couise of the disease would be capable of effecting a cure 
within a brief period Fiom a total of about 12,000 patients these 
authors selected for study 37 who had been under observation foi 
periods varying from ten to sixt 3 '’-nme months All had come under 
observation with early syphilis, and all had received no more than two 
courses of tieatment, each of which consisted of a total of 6 5 to 7 Cm 
of neoarsphenamine administered m doses gradually increasing from 
0 15 to 0 9 Gm at intervals of two to seven da 3 "S and, simultaneousl 3 '’, 
eighteen intramuscular injections of an oil suspension of an insoluble 
bismuth salt They found 9 patients to be clinicall 3 '’ and serologicall 3 ^ 
normal at intervals varying from fourteen months to five years and 
nine months after treatment was discontinued All had leceived two 
of these couises of combined treatment with bismuth and neoarsphen- 
amine at regular intervals, with a rest period of no more than a month 
between courses The 11 patients who received only a single couise of 
treatment and the 17 patients whose treatment was irregular did not, 
on the average, fare so well The authors feel, therefore, that further 
observations of this combined method of treatment are desirable, as 

123 McLachlan, A E W Syphilitic Epidid 3 TOitis, Brit J Ven Dis 14 134 
(April) 1938 

124 Nicolas, N W, and Liberman, T N Appreciation comparatne du 
tableau capillaroscopique de la manifestation primaire de la sj'^philis et du chancre 
mou, Ann de dermat et sj'ph 8 700 (Sept ) 1937 

125 Sezary, A, and Gallerand, L Resultats eloignes du traitment d’ttaque 
no\ arseno-bismuthique conjugue institue pendant quelques mois au debut de la 
sjphilis et non consolide. Bull Soc frang de dermat et sjph 45 990 (June) 1938 
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oifering a possible means of shortening the duiation of treatment for 
patients who come under observation with early syphilis 

TRANSFUSION SVPHILIS 

Klauder and Butterworth present an interesting case of accidental 
transmission of syphilis by the intravenous injection of washed leuko- 
cytes in the treatment of agranulocytic angina 

LATE SYPHILIS 

In a discussion of how syphilis may be traced through common 
ailments, Cannon piesents a study of the lecoids of 300 patients who 
appeared to be free from manifestations of syphilis and who gave no 
history of recent syphilitic infection Many of the patients were 
admitted for ailments supposedly unrelated to syphilis One hundred 
and sixty-eight of the group were unaware of their syphilitic infection 
Nmety-six presented as their chief complaint some banal ailment 
encountered in general practice — gastrointestinal disordeis, chionic dis- 
orders of the respiratory tract, urinary symptoms, gynecologic ailments 
and miscellaneous disorders 

Ranula and Syphilis — Tsuzuki repoits histologic studies of ranula 
and the surrounding salivary glands m 27 cases In 20 of these the 
serologic test for syphilis gave a positive reaction, in 7 the reaction 
was negative Histologic evidence of syphilis was noted in all the 
former group By Levaditi’s method spirochetes weie obseived around 
the small blood vessels, pieces of tissue from 9 of the patients were 
inoculated into 28 rabbits, with positive results in 3 instances 

Syphilis of the Anus and Rectum — In a critical review of venereal 
diseases of the anus and rectum, Ault describes the manifestations 
of syphilis He leiterates that stricture of the rectum is rarely caused 
by syphilis There is no typical picture of syphilis revealed through 
the proctoscope 

Syphilis of the Livet — Schumacher discusses the relation of 
syphilis to Laennec’s cirrhosis of the liver on the basis of a study of 
the clinical and autopsy recoids of 1,977 consecutive cases Cirrhosis 
of the liver was demonstrated m 74 instances Of the 45 patients with 

126 Klauder, J V , and Butterworth, T Accidental Transmission of Syphilis 
by Blood Transfusion, Am J Syph , Conor & Ven Dis 21 653 (Nov ) 1937 

127 Cannon, A B The Tracing of Syphilis Through Common Ailments, 
J A M A 109 348 (July 31) 1937 

128 Tsuzuki, M Ranula and Syphilis, Am J Surg 37 127 (July) 1937 

129 Ault, C W Critical Review Venereal Diseases of the Anus and 
Rectum, Am J Syph , Conor & Ven Dis 21 430 (July) 1937 

130 Schumacher, C A Causative Factors in the Production of Laennec’s 
Cirrhosis, with Special Reference to Syphilis, Am J M Sc 194 693 (Nov ) 1937 
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diffuse cirrhosis (including the Hanot type), 29 per cent had pre- 
sumptive evidence of syphilis, approximately one third weie known to 
have used alcohol to excess and 11 per cent were alcoholic addicts vith 
syphilis In one control group of 45 patients of the same age and sex 
who did not have cirrhosis and who were studied at autopsy, 2 (4 4 per 
cent) had had syphilis, and 2 had used alcohol to excess In no instance 
weie the two factors combined In the other control group, of 24 
persons with syphilis who were studied at autops)'-, diffuse cirrhosis 
was found m 3 cases (12 5 per cent) The author concludes, theie- 
fore, that “syphilis long continued m association with alcoholism, and 
perhaps alone, may cause diffuse cirrhosis of the livei ” 

Irgang presents a general discussion of the relation between 
syphilis, antisyphilitic treatment and the liver It is particularly impor- 
tant, he feels, to estimate the hepatic function of patients who react 
unfavoiably to the arsphenamines Early detection of arsenical hepatitis 
IS essential if severe grades of inflammation are to be avoided Tests 
of hepatic function should be performed when symptoms of intolerance 
continue longei than forty-eight hours 

According to Waugh the diagnosis of acute benign syphilitic 
hepatitis must depend on the occurrence of jaundice m a patient with 
untreated early syphilis The condition is usually entirely asymptomatic, 
but having been suspected, the diagnosis is clinched by the occurrence 
of a Herxheimer reaction on the institution of treatment and by prompt 
cure if treatment is continued The author reports 3 cases m which he 
felt the diagnosis could be accepted as pioved and a fourth m which 
It seemed likely He concludes that there is no danger of a severe 
Herxheimer reaction in the treatment of patients with benign hepatitis 
of early syphilis, provided treatment is instituted with small doses of 
an arsphenamine preparation and the patient is carefully watched 
Leukoplakia — Among 16,802 war ^eterans Eichenlaub found 327 
cases (19 pei cent) of leukoplakia buccahs Syphilis was entirely 
excluded m over 80 per cent of the cases , so he concludes that syphilis 
IS not an important etiologic factor in the causation of leukoplakia 
Juxta^Ai ticulai Nodules — ^The subcutaneous fibroid nodules which 
are seen m patients with rheumatic fever and rheumatoid arthritis and 
the juxta-articular nodules which occur in patients with late syphilis 

131 Irgang, S The Problem of Involvement of the Liver m Syphilis, Arch 
Dermat & Syph 36 684 (Oct) 1937 

132 Waugh, J R Benign Hepatitis of Early S 3 philis, Arch Dermat & Syph 
36 599 (Sept ) 1937 

133 Eichenlaub, F J Leukoplakia Buccahs, Arch Dermat & S 3 'ph 37 
590 (April) 1938 
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have been the subjects of extensive comment Superficially, they are 
similar, and m the past theie has been little effort to differentiate between 
them McEwen remedies this deficiency with a report based on the 
comparative histologic examination of eleven rheumatic subcutaneous 
nodules, eight nodules from patients with rheumatoid arthritis and two 
syphilitic juxta-articular nodules He states that the histologic appeal - 
ance of the first two types of nodules was identical but that the syphilitic 
nodules differed, presenting the appeal ance which is characteristic of 
syphilitic lesions m general 

The Infectiousness of Semen — In an important paper Kemp’-®'^ 
consideis the question of the infectiousness of semen of patients witli 
late syphilis A review of previous studies showed that spirochetes 
have been demonstrated m the semen of patients with early syphilis 
at about the same frequency with which they have been found during 
this stage in other body fluids He found little reason, however, for 
the belief that the semen of patients with late syphilis is infectious 
Experimentally fifteen specimens of semen fiom 15 patients with syph- 
ilis of foul or moie years’ duiation failed to produce syphilis in rabbits 
Six of the 15 patients weie untreated In the othei cases treatment 
antedated the examination of the semen by at least foui years 

CARDIOVASCULAR SYPHILIS 

Aortitis — ^Wilson studied the clinical histones of 194 patients 

111 whom autopsy had levealed syphilis of the aoita, in an effort to 
determine whether the symptoms depended on aoitic disease per se or 
on other factois All the 49 patients with aortic insufficiency, 24 of 
the 31 patients with thoracic aneurysm and 20 of the 21 patients with 
nan owing of the coronal y ostiums had had one oi more symptoms of 
circulatory embarrassment On the other hand, 59 of the 106 patients 
with uncomplicated syphilitic aortitis had had no symptoms All but 1 
of those who had had symptoms had suffered from some complicating 
disease which could adequately explain them Wilson concludes, theie- 
fore, that uncomplicated syphilitic aortitis is an asymptomatic condition 

134 McEwen, C Cytologic Studies on Rheumatic Fever III A Compari- 
son of Cells of Subcutaneous Nodules from Patients with Rheumatic Fever, 
Rheumatoid Arthritis and Syphilis, Arch Path 25 303 (March) 1938 

135 Kemp, J E The Infectiousness of Semen of Patients with Late Syphilis, 
Am J Syph , Conor & Ven Dis 22 401 (July) 1938 

136 Wilson, R, Jr Studies in Syphilitic Cardiovascular Disease I Uncom- 
plicated Syphilitic Aortitis, an Asymptomatic Condition, Am J M Sc 194 178 
(Aug) 1937 

137 Thirteen patients had more than one complication and were considered 
under both headings 
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Wile and Snow^^® also are impiessed with the frequency with 
which cai diovascular syphilis is asymptomatic, but they bung out that 
this may be tiue for aortic leguigitation and aneuiysm as well as for 
uncomplicated syphilitic aoititis Of their 210 patients, 83 had uncom- 
plicated syphilitic aoititis, 66 had aoitic reguigitation and 61 had aoitic 
aneurysm Of the fiist group, 54 per cent were found to have no 
symptoms lefeiable to the cardiovascular system, of the second and 
third groups, 18 per cent and 20 per cent, respectively, had no cardio- 
vascular symptoms 

In a geneial discussion along this same vein, White and Wise say 

It IS evident that the early diagnosis of cardiovascular syphilis is practically 
impossible, that advanced and often rapidly fatal aortic disease is present (as shown 
by aortic regurgitation or aneur 3 ^smal aortic dilatation) by the time it is possible 
in most cases to diagnose cardiovascular syphilis 

Aorhc Insufficiency — In the fiist of two papers Blackford and 
Smith present the clinical impiessions of syphilitic aoitic reguigita- 
tion in Negroes which they have obtained by analysis of the lecords of 
225 patients and, in addition, by intensive personal study of over half 
of them They set up criteria for the diagnosis of syphilitic aortic 
legurgitation and point out especially the vai lability of the clinical course 
and the consequent difficulty of detei mining the prognosis They feel, 
however, that the sudden onset of heait failuie, pain and lespiiatoiy 
distress without edema are ominous piognostic signs Regarding the 
influence of treatment they aie convinced that 

adequate treatment of early syphilis will prevent the development of syphilitic aortic 
insufficiency The immediate indiscriminate use of the arsenicals in patients with 
late syphilis is dangerous Bismuth therapy, with constant supervision, 

digitalis, and other measures as needed, promotes clinical improvement and probably 
prolongs life 

In the second paper these authors analyze the electiocardiograms 
of 128 patients with syphilitic aortic reguigitation and give the follow- 
ing conclusions 

Correlation between the clinical course of 47 patients with syphilitic aortic 
insufficiency and the QRS complex of serial electrocai diograms was found in 68 
per cent of this group The degree of myocardial damage as portrayed by 

138 Wile, U J , and Snow, J S Occult Cardiovascular Syphilis, Am J 
M Sc 195 240 (Feb ) 1938 

139 White, P D , and Wise, N B The Early Diagnosis of Cardiovascular 
Syphilis, New England J Med 217 988 (Dec 16) 1937 

140 Blackford, L M , and Smith, C Syphilitic Aortic Insufficiency in 
Negroes I Clinical Studies, Am J Syph, Conor & Ven Dis 22 146 (March) 
1938 

141 Smith, C , and Blackford, L Sj'philitic Aortic Insufficiency in Negroes, 
Am J Syph, Conor & Ven Dis 22 168 (March) 1938 
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all positive electrocardiographic findings closely paralleled length of life in the 
majority The electrocardiograms in a group with heart pain and a group 

without heart pain was disappointingly similar There was no electrocardiographic 
evidence to suggest an increased frequency of coronary ostial involvement in the 
group with pain Positive electrocardiographic findings occurred often in both 
groups 

In comparing the electrocai diograms of these 128 patients with those 
of a group of 900 with other t3^pes of heait disease, they found that 
defective intraventricular conduction, left axis deviation, low voltage 
of the T wave and deviations of the ST segment occurred significantly 
more often among the patients with syphilis Auricular fibrillation was 
found more often m the control group 

Influence of Emly Treatment on the Development of Cai dtovasculai 
SypJnhs — ^Kemp and Cochems again point out that the adequate treat- 
ment of early syphilis completely protects the cardiovascular system 
They present a study of 743 patients who had received varying amounts 
of treatment for early syphilis Of 208 patients who were followed 
for ten years or longer after treatment ended, the incidence of cardio- 
vascular syphilis was 27 6 pei cent in those receiving little or no treat- 
ment for early syphilis , when some, but inadequate treatment had been 
given, it was 13 9 per cent, and m 114 patients who had received 
adequate treatment, no cardiovascular syphilis was observed 

NEUROSYPHILIS 

Expectancy — From the recoids of the Rigshospital and the Kom- 
munehospital, and the registration of syphilitic persons at the State 
Serum Institute of Denmark, Lomholf^^^ was able to determine by actu- 
arial methods the expectancy of a patient with syphilis that dementia 
paialytica will develop Proper treatment of early syphilis, he says, 
lowers the risk of eventual paialysis, but the risk is present from five 
to fifty years after the initial infection All determining factors being 
disregarded the risk is negligible during the first five years, rises to the 
order of 2 per thousand dui ing the next decade, rises again to the order 
of 4 per thousand during the interval from fifteen to nineteen years 
after the initial infection and thenceforth remains at about 3 per thousand 

Incidence Among Chinese — Pfister says that the idea that neuro- 
syphihs IS uncommon among Chinese must be abandoned Comparing 
his personal observations m the neurologic clinics m Heidelberg, Ger- 

142 Kemp, J E , and Cochems, K D Studies in Cardiovascular Syphilis 
IV The Influence of the Treatment of Early Syphilis upon the Incidence of 
Cardiovascular Syphilis, Am J Syph , Conor & Ven Dis 21 625 (Nov ) 1937 

143 Pfister, M O Mental and Nervous Diseases Among the Chinese, 
Chinese M J 50 1627 (Nov ) 1936 
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many, and in Peiping, China, he found tabes dorsalis to be half again 
as common among Chinese as among Germans Erb’s spastic paiaplegia 
was especially common m the East 

Peptic Ulcer m Patients with N em o syphilis — Because in their 
experience patients with syphilis of the central nervous system fre- 
quently came undei observation with symptoms of peptic ulcer, Paisons, 
Ewalt and Gaskill studied the records of 200 patients with neuro- 
syphihs, 200 patients with latent syphilis, 100 patients with tuberculosis 
and 100 patients with a variety of diseases They found the incidence 
of peptic ulcer to be 10 5 per cent in the first group and 1 to 3 per cent 
in the contiol gioups 

Argyll Robeitson and Tame oi Myotome Pupil — Kennedy and his 
collaborators draw attention to Adie’s syndrome, which consists of 
tonic leactions of one or both pupils and total or partial absence of the 
deep reflexes It has been mistaken for tabes dorsalis In cases of the 
complete form one or both pupils fail to react normally to light and give 
a tonic reaction on convergence , m addition, some deep tendon reflexes 
are absent The incomplete foim may consist of abnormal pupillaiy 
reactions alone, absence of tendon reflexes alone or a combination of the 
two 

The diffei ential diagnosis between the Adie syndrome and the Argyll 
Robertson phenomenon is important In both cases the reaction of the 
pupil to light apparently is absent, but in the former the pupil will dilate 
in a daik room and may slowly overcontract, only again to expand to 
noinial when exposed to ordinary illumination The Argyll Robertson 
pupil, however, truly does not react to light In addition, the Adie pupil 
IS frequently (80 per cent) unilateral and if so is larger than its mate, 
the leaction during accommodation is overactive and too long sustained 
and the i espouse to mydnatics is normal The Argyll Robertson pupil, 
in contrast, is almost always bilateral , thei e is miosis , the reaction during 
accommodation, while it may be overactive, is promptly relaxed, and 
there is poor response to mydriatic drugs 

Myerson and Thau report that the i eaction of the Argyll Robert- 
son pupil to light may be restored partially by the instillation of a dilute 
solution of benzedrine sulfate or by repeated subcutaneous injections 
or oral ingestion of the drug They observed that dilatation m the dark 
and constiiction in the daylight w^eie slow but vere deliberate and certain 

144 Parsons, E H , Ewalt, J R, and Gaskill, R C Peptic Ulcers in 
Syphilis of the Central Nervous S 3 ’’stem, JAMA 110 1991 (June H) 1938 

145 Kennedy, F , Wortis, H , Reichard, J D, and Fair, B B Adie’s S^n- 
drome Report of Cases, Arch Ophth 19 68 (Jan ) 1938 

146 Myerson, A, and Thau, W Human Autonomic Pharmacology XI 
Effect of Benzedrine Sulfate on Argyll-Robertson Pupil, Arch Neurol &. Psj- 
chiat 39 780 (April) 1938 
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after benzedrine was administered This phenomenon, the leveise of 
the reaction of the normal eye, throws doubt on the theories of the cen- 
tral oiigin of the Argyll Robertson pupil and suggests that the lesion 
may be in the ins 

Involvement of the Olfactory System m N eur osyphihs — Because 
the frontal portion of the brain has been shown frequently to be involved 
in cases of neurosyphihs, Darrah tested a group of 75 patients with 
various types of syphilis by Elsberg’s method of olfactometry One 
patient had anosmia, and 4 others had impairment of the sense of smell 
He concludes, therefore, that the olfactory system is seldom damaged by 
syphilis to the point of loss of function 

Tabes Doisahs — There has recently accumulated a respectable body 
of opinion which holds that tabes dorsalis is not a disease entity but is, 
instead, part of a syndiome which is seen most frequently in cases of 
neurosyphihs In this connection the study by Davison and Kelman 
IS of interest These authors report that 5 of 15 patients foi whom a 
clinical diagnosis of tabes dorsalis had been made showed on post- 
mortem examination degeneration of both the posteiioi and the lateial 
columns of the spinal cord 

TREATMENT OF NEUROSYPHILIS 

Choice of Method — In a leview of the treatment of syphilis with 
artificial fevei Neymann says that with malaiial therapy about 43 per 
cent of the patients with neurosyphihs achieve a remission or ai e greatly 
improved, whereas electi opyrexia has increased the total rate of impi ove- 
ment by 21 per cent He attributes a death rate of 10 to 30 per cent to 
treatment with malaria, however, and continues 

Certainly, electropyrexia has decreased this death rate to such a degree that it 
IS no longer a problem Indeed, if electromagnetic induction, combined with an 
air-conditioned treatment cabinet for maintaining the fever, is used by experienced 
personnel, there is no death rate 

In contrast to Neymann’s gross ovei statement of the death late for 
induced malaria, Fong^®° reports that the death rate for induced teitian 
or quartan malaria for 1,012 patients was only 3 35 per cent Neciopsy 
was performed in half the 34 fatal cases Seven deaths were found to 

147 Darrah, L W Sense of Smell of Patients with Neurosyphihs, Espe- 
cially of Those with Dementia Paralytica, Arch Dermat & Syph 36 1181 (Dec ) 
1937 

148 Davison, C , and Kelman, H Combined Sytem Disease m Tabes Dorsalis, 
Arch Neurol & Psychiat 38 43 (July) 1937 

149 Neymann, C A Critical Review The Treatment of Syphilis with 
Artificial Fever, Am J Syph , Conor & Ven Dis 22 92 (Jan ) 1938 

150 Fong, T C C A Study of the Mortality Rate and Complications Fol- 
lowing Therapeutic Malaria, South M J 30 1084 (Nov ) 1937 
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be due to myocardial failure, 8 to acute malaiia, 1 to pulmonar} thiom- 
bosis and 1 to tuberculous bronchopneumonia Two of the deaths due 
to acute malaiia were caused by rupture of the spleen 

Bessemans also reviews the various methods of pioducing fever 
111 animals and m man and desciibes a special theimometer which is 
suitable for the measurement of tempeiatures in a high fiequency field 
AVith it he has measured the tissue tempeiature of experimental animals 
while they weie undei tieatment The spirochetes which aie found in 
the early lesions of syphilis of rabbits and of human beings, he sa}s, 
aie “thermolabile m vivo m a definite temperatuie time interval,” while 
the spirochetes “found in the lymph nodes of syphilitic labbits are moie 
virulent and thermoiesistant In the lattei case the theimoresistance is so 
gieat that it surpasses that of the oigamsm of man and animals ” The 
paiadoxic and unexplained benefit of tieatment with diatheimy, which 
occasionally occuis m rabbits, is therefore “a sign of the reaction of the 
animal oigamsm as a whole ” 

Tiautman and Stroupe and Williams repoit satisfactory results 
with mechanically induced fevei m the tieatment of small gioups of 
patients with neui osyphilis 

Typhoid H Antigen — In the hands of Kulchai and Andeison,^“‘ 
treatment of 38 patients with neuiosyphilis with typhoid flagellai (H) 
antigen m divided doses lesulted m symptomatic and seiologic impiove- 
ment which compared favoiably with that obtained with othei forms of 
fevei theiapy They suggest that because of its safety, it is a satisfac- 
tory method to employ m the treatment of patients whose physical con- 
dition piecludes the use of other forms of nonspecific therapy 

The Blanket Method — Epstein describes a simple method of 

pioducing fever by means of an electric blanket and presents the results 
obtained m the treatment of 87 patients with various foims of neuro- 
syphilis by means of combined diug and fever theiapy The clinical 

151 Bessemans, A Experimental Contribution to the Study of Antisyphilitic 
Hyperthermy Produced by Physical Agents, Am J Syph , Conor & Ven Dis 
22 479 (July) 1938 

152 Trautman, J A, and Stroupe, H V Artificial Fever in the Tieatment 
of Asymptomatic Neurosyphilis, Hosp News 5 10 (May 1) 1938 

153 Williams, R H Results of Pyretotherapy at the Vanderbilt University 
Hospital, South M J 30 1080 (Nov ) 1937 

154 Kulchar, G V, and Anderson, L E Divided Doses of T 3 phoid H 
Antigen m the Treatment of Neurosyphilis, Am J Sjph, Conor & Ven Dis 21 
413 (July) 1937 

155 Epstein, N N The Blanket Method of Inducing Artificial Fe\er, Arch 
Phys Therapy 18 199 (April) 1937 

156 Epstein, N N Artificial Fever as an Adjunct in the Treatment of 
Neurosj'philis, Arch Dermat & Syph 37 254 (Feb ) 1938 
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results weie good, and the Wassermann reaction of the spinal fluid 
became negative or showed considerable improvement in 73 4 per cent 
of the cases Because of its simplicity and its beneficial effects, which 
compare well with those obtained with more elaborate methods, the 
author feels that the blanket method of inducing artificial fevei is woithy 
of extensive trial 

Ape Malaria — Ciuca and his collaborators^®^ have employed 
Plasmodium knowlesi, the organism of spontaneous ape malaria, foi the 
treatment of 216 patients with dementia paralytica Thej- established 
the fact that malarial infection can be transmitted from man to monkey 
and back to man After twenty-seven passages from man to man, the 
infection was transfeired once through the monkey (Macacus ihesus) 
and then back to man The clinical course of the malaiia was found to 
be iriegular, with a tendency to spontaneous abortion of the infection, 
although occasionally it appeared dangerously invasive 

Sequelae of Tieatment with Malaiia — It has been lepeatedly 
observed that after treatment with malaria, allergic gummatous lesions 
of syphilis may develop m patients with neurosyphilis In the literatuie 
Pilcz was able to find repoi ts of 52 such cases These he describes 
briefly, and he discusses at length the possible theoretic explanations for 
the phenomenon He does not emphasize that m all his series of cases 
the phenomenon followed tieatment with malaria and not fevei produced 
by other means 

Shock Syndiome After TheiapeuHc Hypeipyiexia — Kopp and 
Solomon ^®® present a report which is based on a study of 8 patients who 
had severe reactions while under treatment in the Kettering hypeitheim 
by the standard technic They point out that such reactions ha\ e much 
in common with the syndiome of shock and describe the typical pictuie 
as follows 

The reactions occurred at temperatures of 106 F or above, the body temperature 
usually showing some further rise The impending shock was ushered in 

by a sudden increase in the pulse rate, pallor or cyanosis of the skin, a continued 
or rapid rise in the body temperature, fluttering of the eyelids, twitchings of muscles 
of the face or extremities, vomiting or sudden quietness, suggesting coma in a 
patient who had previously complained bitterly of the heat Readings of the blood 
pressure when obtained at this time showed low levels and in three patients 

the radial pulse was either weak or absent The pulse rate at the onset was usually 

157 Ciuca, M , Tomescu, P , Badenski, G , Badenski, A , lonescu, P , and 
Tertiteanu, M Contribution a I’etude de la virulence du PI knowlesi chez 
I’homme Caracteres de la maladie et biologic du parasite. Arch roumaines de 
path exper et de microbiol 10 5 (March) 1937 

158 Pilcz, A Ueber Tertiarismus bei Paralytikern nach Malaria-, bzw 
Rekurrensbehandlung, Wien med Wchnschr 87 577 (May 22) 1937 

159 Kopp, I , and Solomon, H C Shock Syndrome in Therapeutic Hyper- 
pyrexia, Arch Int Med 60 597 (Oct) 1937 
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rapid, from 120 to 164 per minute, and in one patient it increased from 130 to 180 
In SIX patients these initial symptoms were follo\\ed bj clonic or tonic con\ulsi\e 
movements of the jaw, extremities or trunk, and in five of the latter group the 
rigidity, either localized or generalized, was so marked that it was difficult to 
differentiate it from the tonic state of a convulsive seizure or muscle rigors due to 
heat cramps In one patient repeated tonic and clonic convulsive seizures occurred 
over a period of four hours and resembled closely those due to strj clinine poisoning 
and tetanus, the seizures being initiated by the slightest stimulus, such as a flash 
of light, a touch on the body, a jarring of the bed or the closing of a door, and 
being accompanied with maniacal excitement In all patients considerable 

hyperactivity, jactitation and maniacal excitement occurred, and it was necessary 
to restrain them 

Treatment of the condition depends on reduction of the bod} tenipeia- 
ture, relief of the dehydration and appropriate measures to remedy 
alkalosis and hypochloiemia 

On the basis of thirty-one detailed studies of the water balance of 
25 patients who were treated by means of fever artificially induced by 
various means, Gibson and Kopp conclude 

Artificial fever produced by physical means is characterized by a large gross 
water loss by way of the skin and lungs [This] may be 

far more rapid than absorption from the intestinal tract or tissue spaces, 

resulting in reduction in blood volume Water is lost most 

rapidly during the induction of fever While individuals vary in their 

response there exists for each a blood volume level beyond which further 

reduction leads to peripheral vascular collapse 

The rate of gross water loss during maintenance [of the fever] is 

related to the difference in temperature between the patient’s body and the environ- 
mental air and to the relative humidity [of the latter] 

The rate of loss of tissue fluids is directly related to the rate of fluid intake, 
and tissue fluid loss at a rate exceeding 5 c c per hour per kgm involves the risk 
of serious collapse The prevention of shock m artificial fever therapy [therefore] 
IS dependent on the giving of fluids in amounts and by routes adequate for the 
maintenance of the blood volume and water balance 

Treatment of Atiophy of the Optic Neive — Lehrfeld and Gross 
present a study of syphilitic atrophy of the optic nerve which included 
522 patients with primary atrophy and 48 with secondary atrophy 

Of the group of patients who received no treatment, 74 9 per cent 
were blind in less than three years, and all were blind at the end of a five 
year period Of the group of patients who received routine antisyphilitic 
treatment, 23 8 per cent were blind in less than three years, and all were 
blind at the end of eight )"ears Of the group of patients who received a 

160 Gibson, J G, II, and Kopp, I Studies in the Physiology of Artificial 
Fever I Changes in the Blood Volume and Water Balance, J Clin In^estlga- 
tion 17 219 (May) 1938 

161 Lehrfeld, L, and Gross, E R A Statistical Investigation of Luetic 
Optic Atrophy, Am J Ophth 21 435 (April) 1938 
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special foim of treatment, including fever therapy and subdural injec- 
tions, 28 pel cent were blind in less than three years, and all were blind 
at the end of eight yeais 

Menagh tieated with hyperpyrexia combined with chemotheiapy 
99 patients who had various foims of neurosyphihs Fifty-foui per 
cent showed improvement, which was best m those with early involve- 
ment and minimal changes m the tissues 

Among these patients were 10 with primaiy atiophy of the optic 
nerve In 3 patients m whom the piocess was old and stationaiy, no 
impiovement occuiied Two patients jn whom the atrophy developed 
while routine tieatment was being given went on to blindness, in spite 
of twenty-five and one bundled and twenty houis, respectively, of fever 
Anothei was lost to ohseivatiqn* In the lemammg 4 patients, however, 
the progiess of the atiophy was aiiested, and improvement occurred 
In a discussion of the pathogenesis of atrophy of the optic nerve and its 
1 elation to the piognosis m an individual case, the authoi, on puiely 
theoretic giounds, ai rives at the conclusion that the occurience of 
changes m the cerebrospinal fluid such as aie seen m dementia paralytica 
makes the piognosis gravei 

Acetarsone — Paddle^®® employed acetarsone in the tieatment of 29 
mental defectives who were found to have syphilis The majoiity 
received six oi seven couises of nine weeks each during a period of 
slightly more than two yeais Improvement m physical condition took' 
place 111 27 patients and improvement in mental condition in 23 patients 
Dermatitis was frequent, and 1 patient 61 years of age died of aplastic 
anemia 

For fifteen years Sezary and Barhe^®^ have tieated patients with 
neurosyphihs with sodium acetaisone, usually m couises of twenty-one 
to twenty-five injections of 1 Gm once oi twice a week, separated by 
periods of lest The most sti iking therapeutic effects were observed in 
patients who exhibited excitement and megalomania Patients with 
mental deterioration did not respond Avell 

Coha Venom — Rottmann reports good results with the use of 

cobra venom m the treatment of sensory symptoms m 2 cases of tabes 

162 Menagh, F R The Treatment of Syphilis with Hyperpyrexia, with 
Observations on the Prognosis of Optic Atrophy, Am J Syph , Conor & Ven 
Dis 21 609 (Nov) 1937 

163 Paddle, K C L Acetarsol in the Treatment of Late Congenital Syphilis 
Amongst Mental Defectives, J Ment Sc 83 372 (July) 1937 

164 Sezary, A , and Barbe, A Les resultats cliniques et biologiques tardifs 
du traitement de la paralysie generale par le stovarsol sodique, Presse med 45 
1483 (Oct 23) 1937 

165 Rottmann, A Zur Therapie der sensiblen Reizsymptome bei Tabes 
dorsalis durch Kobratoxm, Klin Wchnschr 16 1051 (July 24) 1937 
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syphilis in 3,000 pregnant women They are, in the main, those that are 
generally held, but he emphasizes several points As to the choice 
between aisphenamine and neoarsphenamine, he believes it is better 
for the physician to use the one with which he is most familiar , mercury, 
he feels, is superior to bismuth In evaluating the status of a child after 
Dirth, he does not share the opinion that the serologic test of the cord 
blood IS valueless He agrees that a negative result of this test is of 
little value in deciding that a baby does not have congenital syphilis In 
his experience, however, it is raie for a baby whose cord blood gives a 
positive reaction to a serologic test for syphilis not to show other mani- 
festations of congenital syphilis 

Placental Ti ansimsston of Arsenic — Studies by Underhill and Ama- 
truda,’^'^ Kraul and Bodnar and Eastman have shown that 
arsphenamine and bismuth are retained in relatively laige amounts by 
the human placenta, chiefly in the fetal portion , that the storage of the 
drugs IS cumulative with successive injections, and that these drugs may 
be found m the fetal organs and blood after treatment of the mother. 
Eastman and Dippel later reported that although arsenic can be found 
only m minute traces or not at all m the blood of the newly born infant 
whose mother has received arsphenamine treatment, it is present in rela- 
tively huge quantities in the meconium This suggests that whatever the 
manner (probably not simple diffusion through the placenta) in which 
it IS transmitted from mother to fetus, arsenic is metabolized by the 
fetus m the usual manner and is available for the treatment of an already 
established fetal infection 

In contrast, Vanios and Bohm describe experiments in which 
pregnant animals were given arsphenamine, after which the organs and 
tissues of both mother and fetus were examined for arsenic The element 
was found in the decidual vessels and m the intervillous spaces but not in 
the chorion or m the oigans of the fetus These findings they inteipret 
to mean that, while the defensive forces of the mother are greatly 
increased by treatment, this is much less the case with the fetus Its 
defense is only passive 

171 Underhill, F F , and Amatruda, F G The Transmission of Arsenic 
from Mother to Fetus, J A M A 81 2009 (Dec 15) 1923 

172 Kraul, L, and Bodnar, L Ueber die Wirkung der antiluetischen 
Behandlung auf den Fetus, Arch f Gynak 128 238, 1926 

173 Eastman, N J The Arsenic Content of the Human Placenta Following- 
Arsphenamine Therapy, Am J Obst & Gynec 21 60 (Jan ) 1931 

174 Eastman, N J , and Dippel, A L The Passage of Arsenic Through the 
Placenta Following Arsphenamine Therapy, Bull Johns Hopkins Hosp 53 28& 
(Nov) 1933 

175 Vamos, L , and Bohm, A Die Wirkung der Arsenobenzolpraparate auf 
den Fetus, Arch f Dermat u Syph 176 245 (Dec 8) 1937 
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CONGENITAL SYPHILIS 

Hoffman’s Views — In a lecture on congenital S 3 ^phihs Hoftmann 
reiterates many of the generally accepted principles of the treatment of 
congenital syphilis, but the following views are not likely to remain 
unchallenged . 

The objection was raised that instituting treatment among apparently healthy 
infants constituted a breach of the rule that there should be no treatment without a 
positive diagnosis But in order to rule out congenital asymptomatic 

syphilis, a long period of observation, lasting from three to six months, is absolutely 
essential Frequently, as a result of treatment instituted before birth, early diagnosis 
becomes impossible As has already been said, it is of fundamental 

importance that treatment once begun should be continued until the maximum 
suitable dosage has been achieved Furthermore, the less valuable time lost waiting, 
the quicker and easier is a complete cure obtained Finally, apparently healthy 
infants withstand antisyphilitic treatment very well, and it is no imsfoifnne if a 
feiv really healthy child) en leceive treatment along with the otheis'^'^'^ 

For all these reasons, it is preferable for infants of syphilitic mothers to receive 
preventive treatment, particularly since there is the danger that other members of 
the family will become infected Unhappy experiences have induced me to go a 
step further in this direction and to recommend that the wives of infected men 
leceive a sufficiently energetic pieventwe treatment in order to aveii familial 
syphilis for in this way the infection of the oQspiing is pi ecluded 

Genet al Considerations — Cole^'^® presents an excellent summary of 
modem concepts m regard to congenital syphilis He prefers the use 
of the term pienatal to indicate that the infection has been contracted by 
the placental route Whipple and Dunham discuss the incidence, 
tiansmission and diagnosis of congenital syphilis They quote the esti- 
mates that of 683,000 peisons with syphilis who are constantly under 
observation in the United States, at least 60,000 are suffering fiom an 
infection transmitted by the paient At piesent they believe that the 
geneially accepted mode of transmission is fiom the syphilitic mother 
through the placenta, even though the mothei may show no clinical mani- 
festations of the disease The diagnosis of congenital syphilis may be 
made only by a coi relation of several factors (1) demonstiation of 
the disease in the paients, (2) examination of the placenta and cord, (3) 
pathologic examination of the stillborn infant, (4) clinical examination 
of the living infant, (5) serologic tests of the living infant and (6) 
loentgenologic examinations of the bones of the living infant 

176 Hoffmann, E Congenital Syphilis, Am J Syph , Conor & Ven Dis 
22 198 (March) 1938 

177 The italics are ours 

178 Cole, H N Congenital and Prenatal Syphilis, JAMA 109 530 
(Aug 21) 1937 

179 Whipple, D V, and Dunham, E C Congenital Syphilis I Incidence, 
Transmission and Diagnosis, J Pediat 12 386 (March) 1938 
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In their second paper these authors concern themselves largely 
•with the debate as to whether the appaiently normal child of a mother 
known to have syphilis should receive antisyphilitic treatment immedi- 
ately after birth or only after the diagnosis of syphilis has been made 
with certainty They say 

The reasons that have been advanced for treating all infants born of syphilitic 
mothers are 

1 It is often impossible to tell at birth which infants are infected with syphilis 
and which are not 

2 Treatment of the mother results in treatment of the fetus in utero, and the 
infant at birth, although infected, may show no evidence of the disease The treat- 
ment of the infant should not be interrupted at birth 

3 In cases in which the mother is treated throughout pregnancy, a course of 
treatment given to the infant postnatally may be necessary to supplement his pre- 
natal treatment 

4 If a syphilitic infant, apparently healthy at birth, is not treated immediately 
after birth an unjustifiable risk is taken m that the disease may not be detected 
early and therefore treatment may be unnecessarily delayed 

The reasons that have been advanced for withholding treatment until a definite 
diagnosis of congenital syphilis in the infant has been established are 

1 If treatment for syphilis is begun it should be continued for a long time 

2 It is impossible to evaluate the results of therapy unless the diagnosis is 
established in each instance 

3 It IS not justifiable to place the stigma of syphilis on a nonsyphilitic child 

4 It IS a needless risk to submit a nonsyphilitic infant to the hazards of anti- 
syphilitic therapy 

5 It IS an unjustifiable expense to treat nonsyphilitic infants 

In their opinion, these differences in attitude are based largely on 
differences in interpretation of the mechanism of prenatal treatment of 
the mother, if such has occurred, and will not be resolved until funda- 
mental investigation settles the question of treatment of infection of the 
fetus in utero 

Diagnosis — ^In order that treatment of congenital syphilis may be 
begun at the eailiest possible moment, an accurate method of diagnosis 
in the fiist few months of life, the so-called period of doubt, is of gieat 
importance According to Faber and Black,^®^ the use of a quantitative 
rather than a qualitative technic for testing the blood of infants of 
syphilitic mothers offers a means of early differentiation between infants 
who have been infected with syphilis and those who have not Chris- 

180 Whipple, D V, and Dunham, E C Congenital Syphilis II Preven- 
tion and Treatment, J Pediat 13 101 (July) 1938 

181 Faber, H K , and Black, W C Quantitative Wassermann Tests in 
Diagnosis of Congenital Syphilis Clinical Importance of Fildes Law, Am J Dis 
Child 51 1257 (June) 1936 
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tie presents evidence to support this view His report is based on a 
study of 14 newborn infants of mothers with s}phihs The blood of 
these infants gave a positive reaction to a quantitative complement fixa- 
tion reaction when first tested None of these infants presented any 
clinical or roentgenologic evidence of syphilis, all were followed with 
repeated quantitatn^e serologic tests, roentgen examinations and clinical 
observations for a minimum period of four months In 11 of the infants 
the reagm titer progressively diminished, and ev^entually the reaction 
became and remained negativ^e In none of these did clinical or roent- 
genologic evidence of syphilis devHop In 3 children who were appar- 
ently normal at the time of the first serologic test, however, the initial 
decrease in reagm titer was followed by a sharp inciease All these 
infants subsequently showed clinical or roentgenographic evidences of 
congenital syphilis 

Higoumenakis calls attention to enlaigenient of the sternal end of 
the clavicle (usually the right) as a sign that establishes the diagnosis of 
congenital syphilis He says that the “sign of the clavicle” is superior 
in its diagnostic v^alue to any of the other stigmas of congenital syphilis 
because of the regularity of its occurrence and the ease with which it 
may be detected The ease of detection of this sign is obvious, the 
author does not document his assertions concerning its frequency 

Conti ol — Ingiaham^®^ says 

Assuming a perfect medico-therapeutic approach to the problem of congenital 
syphilis control, three social and administrative difficulties still block our full 
accomplishment in this field (1) Pregnant syphilitic women do not usually report 
for prenatal supervision until late in pregnancy, (2) a delay of some weeks between 
the initial ante-partum vusit and the onset of antisyphihtic therapy is a common 
occurrence, (3) congenitally syphilitic offspring are frequently not treated m caily 
infancy 

Identification of Spn ochetes in the Placenta — ^Dorman and Sah- 
yun revoice the common experience that a newborn baby may look 
healthy, the placenta may be normal grossly and the serologic test for 
syphilis of the cord blood may give a negative reaction, yet the child 
may have congenital syphilis Even the histologic appearance of the 
placenta does not establish the diagnosis Therefore, the identification 
of spii ochetes m the placenta is important in the diagnosis of congenital 

182 Christie, A U Diagnosis of S>philis in New Born Infants Use of 
Quantitative Wassermann Tests, Am J Dis Child 55 979 (May) 1938 

183 Higoumenakis, G C Le signe de la clavicule et sa valeur diagnostique 
dans la syphilis hereditaire, Ann de dermat et S 3 ph 8 939 (Dec) 1937 

184 Ingraham, N R The Importance of Treatment in the Control of 
Congenital Syphilis, Ven Dis Inform 19-124 (Alay) 1938 

185 Dorman, H G , and Sahyun, P F Indentification of Spirochetes in the 
Placenta, Am J Obst & Gynec 33 954 (June) 1937 
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syphilis In poitions of the placenta which showed pale yellow foci sur- 
rounded by a dark granular periphery, they demonstrated spirochetes 
which could not be differentiated morphologically from S pallida in 105 
cases 

Syphilitic Childien of Untreated Motheis Who Gave a Negative 
Reaction to Serologic Tests — ^Waugh’-®® leports on 2 women who 
showed a negative leaction to tests of the blood and cerebiospmal fluid 
for syphilis, who revealed on careful physical examination no evidence of 
syphilis and who had had no treatment foi the disease There could be 
no doubt, howevei, that each had given birth to a child with prenatal 
syphilis 

Interstitial Keratitis — Lazarescu’s discussion is based on an 

almost unique opportunity to study 349 patients with interstitial keiatitis 
due to congenital syphilis Other stigmas of congenital syphilis were 
present in 269 (77 pei cent) The piocess involved both eyes in 248 
cases but had appealed simultaneously in onl)'^ SO In 81 per cent of the 
cases m which the time mteivals weie accuiately known, however, the 
second eye had become involved within thirty days of the onset of 
the process in the first eye 

The ages of the patients at the onset of interstitial keratitis varied 
from 1 year to more than 60 years, but the onset occurred between the 
ages of 6 and 15 years in more than half the cases Trauma seemed to 
play no part in initiating the process 

The results of treatment were only mediocre, although the author 
seems well pleased The piocess became bilateial in 14 of the 101 
patients for whom treatment was started while only one eye was involved 

Familial Syphilis — In a recent communication fiom Switzeiland it 
is said 

Robert Rossle, pathologic anatoinist of Berlin, then spoke on the familial 
behavior of tuberculosis and syphilis Necropsy records of married couples and 
blood relations were systematically assembled and collated with respect to the 
problem of familial behavior of the two most important diseases of the people 
Among the pertinent considerations is that of special organotropic strains and of 
the causative organisms and of organic predispositions to attack With respect 
to syphilitic married couples, the observation that the death of one spouse was 
usually followed after no great interval by that of the other led to the presumption 
of a similarity of agent The high incidence of congenital S 3 'philis among siblings 
was regarded in the same light Yet, apart from rare exceptional instances, no 

186 Waugh, J R Untreated Seronegative Afothers of Syphilitic Children, T 
Pediat 11 490 (Oct ) 1937 

187 Lazarescu, D Faits resultant de 349 observations de keratite lieredo- 
syphihtique. Arch d’opht 53 756 (Oct) 1936 

188 International Medical Week, Foreign Letters (Switzerland), JAMA 
109 1827 (Nov 27) 1937 
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evidence of an identity in the disease was manifested among marriage partners 
or in congenital syphilis as observed among siblings On the whole, familial sjphilis 
presents the same variegated and chequered picture as extrafamilial syphilis 

From a study of 46 patients with juvenile dementia paralytica who 
were personally observed and of 610 patients reported on in the litera- 
ture, Menninger and Grotjahn were able to obtain definite information 
about the family histor}^ in 402 cases In 146 of these cases (36 per 
cent) there was clinical evidence of neurosyphihs in one or more of the 
other members of the family To quote the authors 

As stated at the beginning of this paper, our purpose has been to present further 
clinical evidence suggesting the existence of a neurotropic strain of S pallida 
We regard the theory of familial predisposition as a thinly cloaked disguise for an 
unclear concept and believe that the mass of clinical evidence suggests definitely 
that the micro-organism itself must m some instances have a specific affinity for, 
or at least a tendency to reside in and carry on its destructive work on, the nervous 
tissue 

The Treatment of Congenital Syphilis — Yampolsky presents a 

comparative review of methods for the treatment of congenital syphilis 
and makes detailed suggestions foi alternative methods of treatment 
He voices a seemingly unnecessary warning against the use of trypars- 
amide 

We are already dealing with a constant possibility of the development of inter- 
stitial keratitis, and we certainly should bear in mind that the risk of blindness is 
too great m patients when this drug is used 

Smith, Fried and Everhart regard acetarsone as the drug of choice 
for the treatment of congenital syphilis during the first year of life and 
take exception to the statement of Cole,^®- who said “As yet I am 
unwilling to recommend the indiscriminate use of acetarsone by mouth 
in the treatment of congenital syphilis It is still too much in the 
experimental stage” , and of Stokes,^®^ who said “Acetarsone has by no 
means proved its place in the treatment of syphilis, although a decade 
has elapsed since its introduction ” Smith and his co-workers believe 
that many of the se-v ere toxic reactions reported are due to unnecessarily 
large doses , so they recommend a modification of the Bratusch-Marrain 

189 Menninger, W C , and Grotjahn, M Familial Neurosyphihs of the 
Dementia Paralytica Type, Arch Neurol & Psychiat 39 343 (Feb ) 1938 

190 Yampolsky, J A Comparative Review of the Antiluetic Drugs in the 
Treatment of Congential Syphilis in Children, South M J 31 406 (April) 1938 

191 Smith, E E , Fried, R I , and Everhart, M W The Treatment of Con- 
genital Syphilis with Acetarsone, Ohio State M J 34 165 (Feb ) 1938 

192 Cole, H N The Pharmacopeia and the Phjsician Use of Anti- 
syphihtic Remedies, JAMA 107 2123 (Dec 26) 1936 

193 Stokes, J H Modern Clinical Syphilology, ed 2, Philadelphia, W B 
Saunders Company, 1934, pp 345-346 
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scale, beginning with a daily dose of 5 mg per kilogram of body weight 
Treatment with mercury and chalk, they feel, is the most satisfactory to 
give between courses of acetarsone 

SERORESISTANCE 

Moore and Padget^®^ discuss the problem of seroi esistance, or 
“Wassermann fastness ” They define as seroresistant those patients 
with early syphilis for whom the leaction of the serologic test for syphilis 
remains positive after six months of continuous treatment and those 
with late syphilis (i e , having been infected with syphilis for more than 
two yeais) foi whom the serologic test continues to give a positive 
reaction after the equivalent of a year of tieatment In cases of early 
syphilis, seroi esistance must be legarded as a manifestation of peisistent 
foci of organisms or progressive activity, in cases of late syphilis, it may 
result from the persistence of well established immunity 

The type of infection at the beginning of treatment influences the 
development of seioresistance Treatment during early syphilis has an 
important bearing on seioi esistance Eleven pel cent of a group of 
patients who leceived continuous treatment were seroi esistant, but 37 
per cent of those tieated intermittently and 68 per cent of those treated 
irregulaily showed positive serologic leactions six months after treat- 
ment had started 

The presence oi absence of involvement of the neuraxis m cases of 
early syphilis is also of importance in detei mining the incidence of sero- 
resistance The influence of other factors being disregarded, serore- 
sistance is encountei ed in only a sixth of the patients whose cerebrospinal 
fluid IS normal but occurs in almost half of those whose cerebrospinal 
fluid gives a positive complement fixation reaction 

In patients with late syphilis, however, the situation is diffeient The 
incidence of seroresistance is not influenced by the scheme of treatment 
employed, nor is it related to the existence of involvement of the neu- 
raxis pel se Instead, it may be viewed as an integral pait of the 
manifestations of many late forms of the disease 

The foregoing data concern patients who leceive adequate anti- 
syphihtic therapy or, if the treatment is ii regular or mteimittent, those 
who receive adequate doses when treatment is given There is no infor- 
mation which allows a clear evaluation of the effect of tieatment with 
inadequate doses of drugs on the course of either early or late syphilis 
From theoretic observations and deductions based on clinical observa- 
tions, however, it seems probable that inadequate doses, even given 
according to a system of continuous treatment, are a potent factor m the 
production of seroresistance 

194 Moore, J E , and Padget, P The Problem of Seroresistant Syphilis, 
(So-Called Wassermann Fastness), JAMA 110 96 (Jan 8) 1938 
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The significance of seroresistance must be considered separate!} in 
early and in late syphilis For example, of a group of patients ith early 
syphilis who had received adequate treatment, 23 per cent of those vho 
were seroresistant but only 5 per cent of those who manifested a prompt 
serologic reversal sustained infectious relapse, similarly, neurosyphihs 
occurred in 31 per cent of the former group but in only 18 per cent of 
the latter 

A contrasting situation obtains in cases of late syphilis For each 
type of late syphilis considered, the incidence of piogiession or relapse 
IS essentially the same m patients who are resistant as m those who are 
not, indeed, in the case of latent or benign late syphilis, relapse occurs 
somewhat more frequently in patients who are not seroresistant than in 
those who are Progression or i elapse developed in 4 6 per cent of 
patients with latent syphilis who were seroresistant and in 5 7 per cent 
of those who were not In the case of benign late syphilis one of these 
eventualities developed m 9 8 per cent of the seroi esistant patients and 
in 12 2 per cent of the patients who had experienced serologic reveisal 
Of the group with late congenital syphilis, 21 5 per cent of those who 
weie seioresistant and 20 per cent of those who were not manifested 
progression of the disease later In patients with these types of late 
syphilis, therefore, seroresistance may actually be beneficial rather than 
harmful 

In patients with other forms of late syphilis, especially cardiovascular 
syphilis or neurosyphihs, seroresistance is so common that the impos- 
sibility of placing special interpretation on its occurrence is readily 
apparent 

The rationale of the management of patients with seroresistance may 
be logically developed f i om a consideration of the aims of the treatment 
of syphilis, early or late These are the healing of lesions and the relief 
of symptoms, the maintenance of good health and the pievention of 
progression or relapse, and, least important, serologic reversal If the 
first and second aims can be accomplished, success or failure of the third 
should be a mattei of complete indifference 

The following outline is provided for the management of the patient 
with sei oresistance 

In Patients with Early Syphilis 
I Examine the cerebrospinal fluid 

A If reaction is positive Alter system of treatment to that for early asymp- 
tomatic neurosyphihs 

B If reaction is negative 

1 Eliminate rest periods — ^treatment must be continuous 

2 Employ full dosage of a potent arsphenamme 

3 Prolong treatment for a full j^ear of weekly injections after serologic 

reversal is obtained 
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In Patients with Late Syphilis 
I Examine the cerebrospinal fluid 

II Conduct a searching clinical study for lesions of syphilis, with particular 
reference to 

A The cardiovascular system (including roentgenologic examination) 

B The central nervous system 

C The bones 

III If abnormalities in any of these systems are discovered, plan treatment 

accordingly 

IV If no abnormalities are discovered 

A Prolong treatment to a minimum of two years, continuously and with full 
doses 

B Follow the patient for the rest of his life, with, periodically, complete and 
searching resurveys of his clinical status 

C Frankly discuss and fully explain the situation to the patient and give him 
as much reassurance as possible 

Special Ti eatment of Sei oresisiant Patients — The length to which 
some feel it necessary to go to obtain serologic reversal in a patient who 
shows seroresistance is demonstrated by the report of von Hecht-Eleda 
and Riehl These authors treated 37 patients with latent syphilis and 
3 patients with late congenital syphilis by withdrawing 10 cc of blood, 
exposing it to ultraviolet radiation and reinjecting it intramuscularly In 
27 per cent of the cases the sei oreactions became negative Baer also 
reports the treatment of 27 “Wassermann fast” patients by means of 
combined ultraviolet iiiadiation and autohemotherapy Gougerot and 
Durel feel that treatment with induced fevei is necessary in the man- 
agement of patients who show seioresistance with the usual methods of 
therapy 

The enormity of the crime against the patient which such maneuvers 
represent cannot be too strongly emphasized As just pointed out, sero- 
resistance arises from a variety of causes and likewise has varied signif- 
icance Under many circumstances it is meaningless and should be 
disregarded, in a few instances its impoit is ominous and should be 

195 von Hecht-Eleda, M, and Riehl, G, Jr Zur unspezifischen Luestherapie 
Bericht uber die Reinmjektion ultraviolett bestralilten Eigenblutes nach Havlicek 
bei Therapieresistenter seropositiver Lues latens, Arch f Dermat u Syph 178 
8, 1937 

196 Baer, H L Ultraviolet Irradiation and Autohemotherapy in Syphilis 
Treatment of Persistent Serologic Positive and Latent Syphilis, Pennsylvania M J 
40 943 (Aug) 1937 

197 Gougerot, H , and Durel, P Pyretotherapie dans la syphilis cutanees, 
les Bordet-Wassermann irreductibles et la dermatologic, Ann d mal ven 32. 
241 (April) 1937 
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heeded In either event, ho\ve\er, the interpretation of seroresistancc 
properly should be based on a careful e\aluation of the ensemble and 
not on the mere fact that the laboratory report shows a positive reaction 
to a serologic test for syphilis 

YAWS 

Numerous investigators, including Noguchi and iMooie,^”® Wile,^'*^ 
Jahnel,^°° Wilson and Kopeloff and Blackman,-®- have demonstrated 
the presence of spirochetes m the cerebral cortex of patients with 
dementia paralytica, but often the parasites were present only in small 
numbers and in atypical forms Saunders,-®® however, found great num- 
bers of spirochetes in the brains of 5 of 9 Jamaicans brought to autopsy 
with a diagnosis of dementia paialytica Because of the prevalence of 
yaws, he considers the possibility that this disease may produce a type 
of dementia paralytica in which spirochetes are more abundant than in 
the syphilitic disease As he points out, however, in only 1 of the 5 
cases had tieatment for syphilis been given prior to death, in contiast 
to many of the cases reported by other authors in which the patients had 
been treated with malaria or arsenical drugs or both 

From a study of biopsy specimens from comparable lesions of 38 
patients with yaws and 14 patients with syphilis, Feins and Turner®®* 
conclude "Histologic criteria for the differentiation of the cutaneous 
and subcutaneous lesions of yaws and syphilis are in general unreliable ” 
Takahasi ®®° made comparative studies of the lesions produced in 
rabbits by the spirochetes of yaws and syphilis Grossly the syphilitic 
chancies were harder than the fiambesic chancres Histologically, there 

198 Noguchi, H , and Moore, J W A Demonstration of Treponema Pallidum 
in the Brain in Cases of General Paralysis, J Exper Med 17 232, 1913 

199 Wile, U J The Demonstration of the Spirochaeta Pallida in the Brain 
Substance of Living Paretics (Forster and Tomasczewski), J A M A 61 866 
(Sept 13) 1913, Experimental Syphilis in the Rabbit Produced by the Brain Sub- 
stance of the Living Paretic, J Exper Med 23 199, 1916 

200 Jahnel, F Die Spirochaten im Zentralnervensystem bei der Paralyse, 
Ztschr f d ges Neurol u Psychiat 73 310, 1921 

201 Wilson, R B Histological Changes Following the Malarial Treatment 
of General Paralysis, Brain 51 440 (Dec ) 1928 

202 Kopeloff, N, and Blackman, N Spirochetal Findings in the Brains of 
Paretics Treated with Malaria, Am J Psychiat 13 21 (July) 1933 

203 Saunders, G M Spirochete in the Brain in General Paresis in Jamaica, 
Am J Syph , Gonor & Yen Dis 22 503 (July) 1938 

204 Ferris, H W , and Turner, T B Comparative Histology of Yaws and 
Syphilis in Jamaica, Arch Path 24 703 (Dec ) 1937 

205 Takahasi, H Histopatliologic Study of Experimental Syphilis and 
Frambesia in Rabbits II Orchitis and Primary Lesions of Skin and Back of 
Scrotum, Jap J Exper Med 15 401 (Dec ) 1937 
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were characteristic dififerences S pallida showed predilection for con- 
nective tissue and blood vessels and caused diffuse cell infiltration, 
whereas T pertenue had no special affinity for connective tissue or blood 
vessels, and the infiltrations weie localized 

INTERRELATION OF SYPHILIS AND OTHER DISEASES 

Tuberculosis — During the past six and a half years Smith 2 °“ has 
tieated 69 patients with tuberculosis foi syphilis From his results he 
concludes that progressive tuberculosis is no more frequent in treated 
syphilitic patients than in similai groups of nonsyphilitic tuberculous 
patients, that treatment of syphilis lessens the frequency of piogressive 
tuberculosis and that adequate tieatment of syphilis of tuberculous 
patients is justified 

In an investigation of great significance, Aronson and Meranze 
studied the lesions produced by the injection of tubeicle bacilli into the 
skin of syphilitic and nonsyphilitic labbits The local inflammatory 
reaction was moie intense in the syphilitic labbits than in the similarly 
treated nonsyphilitic controls Three houis after the infection and con- 
tinuing throughout the period of obseivation the lesions in the syphilitic 
rabbits were multiple and focal and were distiibuted along the capillaries 
In the nonsyphilitic rabbits the lesions were single and diffuse and bore 
no relation to the vascular distiibution Forty-eight hours and three 
weeks later the lesions excised from the syphilitic animals resembled 
histologically the primary and secondary lesions of syphilis The authors 
conclude that the cellular 1 espouse in syphilitic rabbits is what has been 
termed an anamnestische reaction, 1 e , the cells of the syphilitic rabbits 
aie so modified that the introduction of an unrelated organism elicits a 
prompt mflammatoiy reaction charactei istic of the initial syphilitic 
infection 

Lepi osy — Golovme -'’® is of the opinion that the concurrent existence 
of infection with syphilis is an impoitant factor in pi eventing the suc- 
cessful treatment of lepiosy He suggests that treatment of syphilis 
should be associated with tieatment of lepiosy in cases in which theie is 
seroresistance 

206 Smith, C R Treatment of Syphilis in Tuberculous Patients Preliminarj’ 
Report, Am J Syph , Conor & Ven Dis 22 72 (Jan ) 1938 

207 Aronson, J D , and Meranze, D R The Effect of Syphilis on Tuber- 
culous Lesions in Rabbits, Am J Path 14 163 (March) 1938 

208 Golovme, S Essais sur le traitement de cas de lepre a reaction syphihti- 
que positive, Bui! Soc path exot 30 839 (Nov 10) 1937 



PADGET LT AL —SYPHILIS inso 

Cyshcercosts — Castellani describes 3 cases of a condition he 
believes to be syphilitic and previously undescnbed In 2 of the cases a 
diagnosis of cysticercosis had been made and in 1 case a diagnosis of 
trichinosis in the stage of calcification Numerous small nodules, usually 
the shape of rice grains, were first observed by the patient under the 
skin of the extremities Microscopically the nodules showed mainly 
fibrous tissue No spirochetes were revealed with silver stains, but the 
response to antisypliihtic tieatment was prompt m each case 

A Positive Reaction to Seiologic Tests foj Syphilis m Othci Dis- 
eases — According to Hazen and his collaborators,^^® 8 per cent of a 
group of 266 presumably nonsyphihtic patients with malaria showed a 
positive reaction to one or more of four standard serologic tests for 
syphilis Pistoni found that the Meinecke test gave a positive i eaction 
in only about 5 per cent of his cases of malaria A complement fixation 
test, however, gave a positive reaction in from 30 to 48 per cent of the 
cases of malaria during the attack of fever and in 23 per cent after the 
fever had terminated 

Ester studied the behavior of a complement fixation reaction and 
two flocculation tests in the blood of 10 nonsyphihtic patients after the 
induction of benign tertian malaria In 8 of the 10 cases the complement 
fixation test reaction became positive during the febrile periods but 
reversed to negative aftei the administiation of quinine One floccula- 
tion test gave negative recations throughout, with the other, four 
doubtful leactions developed during the febiile peiiod 

Bernstein records the finding of a transitory positive i eaction to 
seiologic tests for syphilis in 6 of 37 cases of infectious mononucleosis 
During the acute stage of the disease the complement fixation reaction 
and the flocculation test or both gave positive reactions with high titers 
but promptly leversed The reversion was so prompt that the author pos- 
tulates that if all patients had been tested early and repeatedly in the 
course of the disease, a much higher percentage of positive reactions 

209 Castellani, A Luetic Pseudo-Cysticercosis, J Trop Med 40 232 (Oct ) 
1937 

210 Hazen, H H , Senear, F E , Parran, T , Sanford, A H , Simpson, 
W M , and Vonderlehr, R A Serologic Evidence of Syphilis in Malarial 
Patients, Arch Dermat & Syph 37 431 (March) 1938 

211 Pistoni, F Diagnostic Value of the Wassermann, Meinicke, and Citochol 
Reactions in Malarial Counties, Arch ital di sc med colon 16 610 (Oct ) 1937 

212 Ester, F Sul comportamento di alcune sieroreazioni della sifilide sul 
siero di sangue dei non leutici inoculati sperimentalmente con malaria terzana 
benigna, Gior di battenol e immunol 17 502 (Oct ) 1936 Padget and Moore 

213 Bernstein A False Positive Wassermann Reactions in Infectious Mono- 
nucleosis, Am J M Sc 196 79 (July) 1938 
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would have been obtained These positive reactions were independent of 
the presence of sheep cells antibodies (a positive reaction to the Paul- 
Bunnell test) in the patient’s serum Bernstein believes that the positive 
reactions to these tests indicate, as does the occasional occuriences of 
miscellaneous bacteiial antibodies, the veisatihty of antibody responses 
in cases of infectious mononucleosis 

Hatz reports the case of a white man 41 years of age with infec- 
tious mononucleosis of the febrile type who showed a positive reaction 
to the Paul-Bunnell test and to the Wasseimann test The Kline test, 
however, gave a negative leaction When the patient was recovering 
the Paul-Bunnell and Wassermann tests gave negative reactions 


214 Hat7, B The Wassermann Reaction in Infectious Mononucleosis, Am 
J Clin Path 8 39 (Jan ) 1938 
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Life, Heat, and Altitude Physiological Effects of Hot Climates and 
Great Heights By David Bruce Dill Price, S2 50 Pp 211 London 
Oxford University Press, 1938 

This IS an extremely interesting synthesis of some of the investigations of the 
workers in the "fatigue laboratory” of Harvard Umv'ersity The physiologic 
adaptations of man to great heat and high altitudes are presented in detail and 
are contrasted to the biologic adaptations of animal species either native to or 
successfully introduced into such regions The modern views of energy exchange 
serve as an introduction and background to the mam portion of the book The 
■central idea that adaptability depends on the success of the circulatory and respira- 
tory systems in supplying oxygen to the tissues is illustrated by the maximal 
abilities of the organism, as displayed by trained athletes Their finest subject 
in this respect was able to deliver to his tissues 5 35 'liters of oxygen per minute 
at a cardiac output of 35 liters per minute' 

Studies in the desert demonstrated that successful adaptation consists in 
{!) the ability of the sweat glands to “learn” to secrete enough water to cool 
the body, (2) the ability of the sweat glands to “learn ” to secrete this water 
with minimal amounts of chloride (to conserve extracellular water and prevent 
depletion of serum chloride), (3) the ability of the circulation to supplj enough 
blood to the periphery to be cooled and (4) successful integration of items 2 and 
3 to permit a maximum loss of heat with a minimum rise in the general body 
temperature Of the desert animals studied, the burro was best adapted to the 
environment It secretes sweat that is almost devoid of chloride, and the water 
loss of the body is derived about equally from extracellular and cellular sources 
(Although Dill does not mention it — these studies indicate why patients with 
adrenal insufficiency whose kidneys do not retain chloride are in double jeopardy 
when exposed to hot weather or when placed in situations which induce sweating 
— as under anesthesia ) It is curious that man and the burro, neither being 
voluntary inhabitants of desert regions, are better able to live and exercise in 
extreme heat than are the natural residents Reptiles and the few birds and 
small animals that live there avoid the heat of the day by staying in holes, 
reptiles are apparently successful only because of their extraordinary internal 
economy of water 

At high altitudes man does not fare as well as some of the animal species 
Man’s early adaptation to the diminished oxygen partial pressure is threefold 
1 The amount of circulating hemoglobin increases 2 The respiratory volume 
and the cardiac output increase 3 The total base of the blood increases, favoring 
dissociation of oxyhemoglobin in the tissues The well adapted natives working 
in the high Andean mines have a conspicuously lower alveolar carbon dioxide 
tension than newcomers or persons who cannot stand the altitude The llamas, 
alpacas and vicunas live successfully in the mountains because of the greater affinity 
for oxygen displayed by their hemoglobin and because of the greater concentra- 
tion of hemoglobin in their erythrocytes This is a species characteristic, a true 
biologic adaptation which is not lost after long residence at sea level On the 
other hand, the hemoglobin of the life-long human inhabitants of the heights has 
no greater affinity for oxygen than has the hemoglobin of dwellers at sea level 

This IS a book that Claude Bernard would have enjoyed and is a worthy 
successor to similar classic studies of Barcroft and Henderson 
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Artificial Fever Produced by Physical Means Its Development and 

Application By Clarence A Neymann, M D , F R S M Price, $6 Pp 

294, with 21 tables and 68 illustrations Springfield, 111 Charles C Thomas, 

Publisher, 1938 

This textbook deals with the treatment of disease with physically induced 
fever Starting with a history of the subject, chapters are included on the basic 
principles and the physiology of hyperpyrexia and on the technic of application 
The use of hyperpyrexia in various diseases is described There is a careful 
discussion, under separate chapter headings, of the treatment by means of fever 
therapy of the following diseases dementia paralytica, syphilis of the central 
nervous system, primary and secondary syphilis, multiple sclerosis, chorea minor, 
arthritis, gonorrhea and asthma 

The author has given a concise and positive exposition, setting forth in a 
justifiably enthusiastic manner the excellent results to be obtained by this pro- 
cedure He has been somewhat too favorably disposed toward the production 
of fever by electromagnetic induction as compared to other equally acceptable 
methods of producing fever 

Neymann’s advocacy of the use of ice water sponges to lower an exceptionally 
high temperature may be criticized It is generally considered that tepid spong- 
ing of the body and the use of an electric fan permit much more rapid lowering 
of bodily temperature by heat radiation and evaporation, whereas ice water 
sponges tend to contract the peripheral capillaries and prevent the radiation 
of heat 

Despite these minor criticisms of the book, the reader will find that it is a 
scholarly presentation in which all the literature on the subject has been care- 
fully reviewed This book, although somewhat dogmatic, contains a great deal 
of valuable information There is an excellent bibliography, and each phase of 
the subject is dealt with carefully and completely It is recommended to all 
physicians who may be interested in fever therapy or m the various diseases 
which may be treated by this procedure 

Anales de la Facultad de ciencias medicas de La Plata, Umversidad 
nacional de La Plata, Volume 1 Buenos Aires, 1937 

This volume is the first to be published by the National University of La Plata, 
in Argentine The purpose of the publication is to present representative and 
worthy clinical and experimental investigations of the members of the university 
faculty 

In this first volume are twenty-nine articles on various subjects, including 
erysipelas, syphilis, osteomyelitis, amebiasis, peptic ulcer, fracture of the neck of 
the femur and meningitis Most of the observations represent clinical and 
therapeutic investigative phases 

Because of the current discussion on the value of conservative therapy m osteo- 
myelitis, the three articles in this issue are worthy of comment Rodriguez con- 
cludes from his study of 26 cases that the Orr treatment is of greatest value 
Professor Vails’ comments are rather pessimistic He agrees with Rodriguez 
regarding the Orr treatment but would limit its use to the chronic conditions In 
one article he states that diaphyseal resection gave poor results, and in a later 
article in the volume discusses S cases m which this treatment gave excellent results 

Rossi reports a case of celiac disease in which large quantities of fungi, 
identified as Monilia albicans, were present m the stools The author makes the 
suggestion that a systematic search for fungus should be made in this condition 

An excellent review of intestinal amebiasis is presented by Greenway He 
reports an analysis of 2,700 cases and concludes that emetine hydrochloride is the 
most potent therapeutic agent, with chiniofon as an important coadjuvant 
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The Diagnosis and Treatment o£ Sexual Disorders in the Male and 
Female, Including Sterility and Impotence By Max Huhner MD 
Price, §5 Pp 490, with illustrations Philadelphia F A Davis Co’mpain, 
1937 

In this book the author has combined his knowledge gained from many vcars 
of study and experience with facts and ideas combed from tlie extensue litera- 
ture to produce a work which constitutes a very usable text and reference book 
on sexual disorders He has the entire field divided into suitable sections, and 
each topic is discussed separately so that readers who are inteiested in only one 
topic need not refer to other chapters The bibliography, which is very inclusne 
and IS a distinct part of the work, will be of great value to those espccialh 
interested in this subject 

The author brings out the fact very well that although some sexual disorders 
may be purely neurologic and others may be due purely to a local pathologic 
condition in the sex organs, many are a combination of the two conditions and 
treatment of the psychic alone or of the physical factors alone will not produce 
results 

The section on sterility and the section on impotence are well handled and 
well worth studying The author sometimes favors his own opinions a bit 
strongly, but his experience will be of value to most readers This book will 
be a valuable adjunct to the library of any urologist or gynecologist and to 
those neurologists who see and treat patients with sexual neuroses The fact 
that throughout .the work special emphasis is laid on treatment makes it of most 
practical value 

Clinical Reviews of the Pittsburgh Diagnostic Clinic Edited by H M 
Margohs, MD Price, $5 50 Pp 552, with 11 illustrations New York, 
Paul B Hoeber, Inc, 1937 

New ventures m medical publications always are of interest Here is one 
worth bowing to 

Several years ago the Pittsburgh Diagnostic Clinic began the publication of 
a series of reviews on selected medical subjects apparently with the idea of 
equipping the general practitioner from time to time with short, readable abstracts 
and, as the editor says, of presenting new guide-posts in modern medical diagnosis 
and treatment through brief expositions of currently accepted views These 
reviews now have been brought up to date and assembled m book form 

The reviews are unpretentious and clearly written, and they cover a wide terri- 
tory Diabetes, endocrinology, hematology, cardiology and gastro-cnterologj — 
to mention a few titles haphazardly selected from the table of contents — receive 
consideration in the present volume The subject of each review is discussed 
simply The sentences are short The current literature is woven into the body 
of each chapter so that it becomes, as it properly should, an integral part of what 
IS written At the end of each essay, however, is an admirably well chosen list 
of bibliographic references, arranged alphabetically, giving not only the name of 
the author and the name of the journal or the title of the book to which refer- 
ence IS made, but the title of the paper or chapter also Thus, the reader who 
wishes to go further can do so easily The volume as a whole is well executed, 
It creates a good impression May future numbers of these reviews be equally 
attractive > 

Lane Medical Lectures. The Mechanism of Heat Loss and Temperature 
Regulation By Eugene F Du Bois, M D , Stanford University Publica- 
tions, University Series, Medical Sciences, Vol 3, No 4 Price, $225 
Pp 95, with illustrations Stanford University, Calif Stanford Universit 3 ^ 
Press, 1937 

The lectures on the mechanism of heat loss and temperature regulation by 
Du Bois include mainly the work which he and his associates have performed 
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an the Russell Sage Institute of Pathology during the past twenty-three yeais 
The work is presented in physiologic rather than chronologic order of appear- 
ance in the medical literature This extremely important work, which has 
gained much momentum during the last few years, is correlated with the obser- 
vations of others The material is presented under five headings (1) heat 
production and heat loss, (2) radiation, convection and evaporation, (3) the 
significance of the surface area of the body, (4) regulation of body temperature 
and (5) chills and fever 

The lectures are very instructive and decidedly interesting and are more than 
worth the time required to read them They are packed with valuable, first hand 
information, which is presented in a simple, concise and readily understandable 
style and which is made most readable by flashes of dry wit interspersed here 
and there The reviewer recommends these lectures to all physicians, whether 
interested in research or solely in clinical medicine 

Clinical Urinalysis and Its Interpretation By Robert A Kilduffe, M D , 
F A S C P Price, §4 Pp 428, with 40 illustrations Philadelphia F A 

Davis Company, 1937 

This book was primarily written for the clinician for use in his office labora- 
tory The subject matter is divided into three parts Part 1 contains a histoij 
of urinalysis, a description of the anatomy and function of the kidney and a 
tabulation of the constituents of normal urine Part 2, the main part of the 
book, deals with clinical urinalysis and its interpretation The subject is covered 
in great detail Methods, normal variations in tests and the clinical significance 
of abnormal values are discussed In most cases several methods for a particular 
determination are given For the qualitative estimation of albumin, only the heat 
and acid test and the sulfosalicylic acid test are described The nitric acid and 
Robert’s ring tests are considered too delicate for clinical purposes The chap- 
ters on bacteriologic examination of the urine and urinary gravel and calculi 
should be of special interest to the urologist Part 3 contains chapters on equip- 
ment of the office laboratory, formulas for test solutions and reagents and mis- 
cellaneous tables 

Chiefly to recommend this book are the many simple details often omitted 
from the average book on clinical laboratory methods The book is easy to read 
and should be useful in the office laboratory of the clinician and in the office of 
the physician called on to perform urinalyses for insurance companies 

Nogle undersdgelser over den biologiske virkmng og standardisenngen 
af det antihaemorrhagiske vitamin K By Fritz Schdnhej'der Paper 
Pp 143, with 14 figures and an English summary Copenhagen Nyt Nordisk 
Forlag, Arnold Busck, 1936 

The work reported in this dissertation was done in collaboration with Henrik 
Dam at the Biochemical Institute of the University of Copenhagen and concerns 
the biologic action and standardization of the new antihemorrhagic vitamin K 
At present the only species in which this substance is known to be necessary 
for life is the chicken Avitaminosis K is marked by hemorrhages in various 
parts of the body, especially the breast, legs, gizzard and liver The coagulation 
time IS strikingly prolonged, and the bleeding results finally in anemia, but the 
author presents evidence that the hemorrhagic diathesis is not comparable to 
hemophilia in man and that the anemia is secondary to the hemorrhages 

The substance which prevents or cures this state, as the case may be, is a 
-fat-soluble, nonsaponifiable, thermostable material which is not a sterol and which 
IS not identical with any previously known vitamin It is found in hempseed, 
•cabbage and tomatoes , the quantities needed for chemical work are best extracted 
from pig liver The method of standardization depends on the quantitative use 
of data on coagulation time and is described on page 137 of the English summary 
Both the work and the manner in which it is reported conform to commendably 
bigh standards 
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Die Zuverlassigkeit der Rontgendiagnostik, besonders Hmsichthch des 
Wertes der Urographie, und die Prognose bei Nieren und Harnleiter- 
stemen Acta radiologica, supplement 32 By Helge B Wulft Price, 
15 kronor Pp 301, with 36 illustrations Stockholm Hakan Ohissons 
Boktryckeri, 1936 

This study consists of an elaborate analysis of over 1,000 cases of icnal and 
ureteral stones, representing all the cases of this type noted in the Lund Clinic 
since 1923 It is therefore of particular interest to the urologist Tlic first 
important problem is the evaluation of the reliability of roentgenograph ic diagnosis 
The introduction of the use of opaque mediums is shown to have impioved tiie 
results materially Examination in the presence of pain as compared with examina- 
tion during the period in which there is no pam also show^s interesting differences 
The second main aspect of the study deals with prognosis and with conservative 
and operative methods Definite differences, for example, as regards recurrences, 
are brought out 

The work is thoroughly done The large group of cases adds considerable 
weight to the conclusions, which in a statistical study lean heavily on numbers 
However, the space occupied appears to be considerably more than is justified or 
necessary for a study of this type For example, 1,085 brief case reports are given 
Actual publication of these notes adds little to the interpretations of tlie paper, 
yet they occupy 110 pages 

Diagnosis and Non-Operative Treatment of the Diseases of the Colon 
and Rectum By Gottwald Schwarz, M D , Head of the X-Ray Department, 
Kaiserm Elizabeth Hospital, Vienna, Jacques Goldberger, MD, Consulting 
Physician of Carlsbad, and Charles Crocker, M D , of New York Price, 
§10 50 Pp 540, with 246 illustrations and 9 colored plates New York 
Paul B Hoeber, Inc , 1937 

This book appears to be a translation into English of a monograph originally 
•written a few years ago in Germany and since brushed up for American consump- 
tion It IS a good translation and sets forth clearly the recent views that have 
developed abroad on the diagnosis and nonoperative treatment of diseases of the 
colon and rectum About 90 per cent of the references cited were published 
before 1935, so that a little doubt arises as to how much care was taken in 
assembling the American model However, the printing is clear, and the illus- 
trations are excellent The bibliography, in contrast to the rest of the book, has 
been carelessly put together and does not follow the style usually adopted by the 
“better-dressed” medical textbooks 

En metode til bestemmelse af menneskets blodmaengde ved hjaelp af 
difteriantitoksin By Erin Madsen Pp 120, with an English summary 
Copenhagen Levin & Munksgaard, 1936 

The author presents a serologic method for the determination of the blood 
volume in man by injecting intravenously a known amount of antidiphthenc 
horse serum The concentration of the diphtheria antitoxin (measured by the 
intracutaneous method for rabbits) is determined for the plasma obtained from 
a sample of blood taken five minutes later A mean error in the measurements 
of the blood volume is claimed to be plus or minus 3 7 per cent Repeated 
determinations of the blood volume of 25 normal men and 25 normal women 
were made The blood volume of the men was 7 55 plus or ramus 1 84 cc per 
hundred grams of body weight and for the women 6 85 plus or minus 1 36 cc 
The author feels, however, that owing to the large individual variations in blood 
volume, this method of determining the volume is of verj limited clinical use- 
fulness There is an excellent review of the various methods of making deter- 
minations The obvious criticism of the author’s method is the sensitization of 
the individual to horse serum 
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Cytologic du liquide cephalo-rachidien normal chez Thomme By H Jessen 
Price, 40 francs Pp 160 Pans Masson & Cie, 1937 

This IS a monograph on the cerebrospinal fluid, with particular emphasis laid 
on the cytology It is a critical monograph as well as a practical treatise In 
it are incorporated also the personal observations of the author In addition to 
the main data contained in the work there is a very extensive bibliography 
covering 20 pages, which contains references not only to the French literature 
but also to a very considerable number of papers by American and English. 
authors The chief criticism of the book would be that in goodly part it is 
rather elementary A great many pages are devoted to information which is 
available to the student or to the neophyte in the study of the cerebrospinal 
fluid m textbooks on the subject and which seems unnecessary in a book of 
this type 

The Fundamentals of Electrocardiographic Interpretation By J Bailey 
Carter, M D Price, '^4 50 Pp 326, with 251 illustrations Springfield, 111 
Charles C Thomas, Publisher, 1937 

The author presents this book as an aid to the novice m electrocardiography 
It IS essentially an expansion of his series of articles which appeared m The 
Journal of the American Medical Association in 1932 An earnest attempt to 
present the subject in condensed form is evident, but m places this results m a 
sketchy presentation of important phases of the work, particularly where graphic 
and clinical correlations are attempted This little book without doubt will be 
helpful to the student, yet it embodies nothing that gives it an advantage over 
other hitherto published books on electrocardiography 

Sex Life in Marriage By Oliver M Butterfield Cloth Price, S2 Pp 192 
New York Emerson Books, Inc , 1937 

Physicians who have not devoted much time or thought to the human perplexities 
involved in marital relations would do well to prescribe this book for reading by 
young persons who come to them for counsel before marriage The author is 
well qualified as an adviser He brings to the subject expert knowledge and deep 
human understanding The book impresses the reviewer as more practical and 
useful as a guide to those ignorant of the physical side of marriage than any of 
the many he has encountered, and its wide distribution undoubtedly would prevent 
much unnecessary unhappiness 

Synopsis of Digestive Diseases By John L Kantor, M D , Associate in Medi- 
cine, Columbia University Price, §3 50 Pp 302, with 40 illustrations and 
7 tables St Louis C V Mosby Company, 1937 

This IS a convenient little book to slip into one’s pocket and to read at odd 
moments It represents an honest effort to present simply, clearly and concisely 
the essential facts concerning the diseases of digestion and appears to accomplish 
this object in a satisfactory way 

Many compendiums of this general character are poorly written, badly illus- 
trated or so sketchy as to be scarcely worth reading This synopsis, however, 
has avoided these pitfalls and is excellent in every way It should be popular and 
should have a useful career 

Estudio climco y terapeutico de las hemorragias graves por ulceras 
gastro-duodenales By Ignacio Maldonado Allende Pp 148 Cordoba,. 
Argentine National University Press of Cordoba, 1935 

This review of the pathologic anatomy of peptic ulcer is rather elementary and 
below the standards that would be expected of a similar book published in this 
country The author devotes considerable space to a discussion of massive hemor- 
rhage, but he does not bring out anything that is new or that is not known by 
students of gastroenterology 
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Abnormalities and Deformities See under 
names of organs and regions 
Abscess See under names of organs and re- 
gions 

Acid, lactic , utilization of intravenously in- 
jected sodium d-lactate as tost of hepatic 
function, 918 

Acrocyanosis See Cyanosis 
Adrenals, denervation, 536 
Age, relation to renal pressor substance, 799 
Agglutinins See also Antigens and Antibodies 
specificity of agglutinin reaction for Shigella 
dysenteriae , agglutination reaction in 
chronic bacillary dysentery , serologic and 
bactenologic study of 47 cases, 783 
Albright, E Hyperparathyroidism due to idio- 
pathic hypertrophy (hyperplasia?) of para- 
thyroid tissue, follow-up report of 6 cases, 
199 

Alcoholism, 894 

Allen, E V Blood in thromboangiitis ob- 
literans, 413 

Sympathetic vasodilator fibers in upper and 
lower extremities , observations concerning 
mechanism of indirect vasodilatation in- 
duced by heat, 1015 
Allergy See Anaphylaxis and Allergy 
Amputations, 538 

Anaphylaxis and Allergy See also Asthma, 
Hay Fever, etc 

fatal anaphylactic shock in man, 813 
Andrei, G Thrombo-endocarditis in rabbits, 
new disease due to infra virus (?), 377 
Aneurysm, arteriovenous, 530 
clinical aspects of, 949 
popliteal, 503 

Angioma, pulsating (generalized telangiectasia) 
of skin associated with hepatic disease, 872 
Annis, E R Lipoid nephrosis , study of 9 
patients with reference to those observed 
over long period, 355 

Antigens and Antibodies See also Agglutinins, 
Lipoids 

application of Langmuir monolayer film tech- 
nic to biologic problems, 351 
Antihormones See Pituitary Preparations 
Anus, syphilis of anus and rectum, 1066 
Apoplexy See Brain, hemorrhage 
Argyll Robertson Pupils See under Pupils 
Arsenic and Arsenic Compounds See also 
Arsphenamines , Tryparsamlde 
placental transmission of arsenic, 1078 
relation of vitamin C to arsenical reactions, 
1059 

Arsphenamines See also under Syphilis 
dermatitis due to, 1056 
effect of cystine on 1061 
hemorrhagic encephalitis following arsphen- 
amine therapy, 1060 
hepatic injury from, 1060 
Arteries See also Aneurysm, Arteriosclerosis, 
Blood pressure , Blood vessels , Embolism , 
Thrombosis, Vasomotor System, etc 
coronary , cardiac pain , experimental study 
with reference to tension factor, 840 
coronary, coronary occlusion with and with- 
out pain, analysis of 100 cases in which 
autopsy was done with reference to ten- 
sion factor in cardiac pain, 821 
diffuse arterial disease with hypertension, 2 
unusual cases of contrasting types, 461 
Inflammation See also Periarteritis 
inflammation , arteritis, 494 
Intra-arterial injection of drugs, 487 


Arteriosclerosis, 497 
Arteritis See Arteries, inflammation 
Arthritis, articular manifestations of menlngo- 
cocclc infections, 963 

rheumatoid, and acute rheumatic fever, 324 
Asthma See also Anaphylaxis and Allergy 
oral ragweed pollen therapy, clinical results 
of experiments on gastrointestinal absorp- 
tion, 297 

Bacteria, Diphtheria See Diphtheria 
Shigella See Dysentery 
Staphylococci See Staphylococci 
Streptococci See Streptococci 
Tularense See Tularemia 
Barker, N W Lesions of peripheral nerves 
in thromboangiitis obliterans , clinlco- 
pathologlc study, 271 

Barker, W H Excretion of bile pigment and 
hepatic function in diseases of blood, 222 
Bassen, P A Course of polycythemia, 903 

Beck, W C Vascular diseases, review of 

some of recent literature with critical re- 
view of surgical treatment, 482 
Benedict, E B Gastroenterology, review of 
literature from January 1937 to June 1918, 
652 

Bernstein, 3M Diabetes insipidus as sign of 
metastatic Involvement of supraopticohypo- 
physial system, 604 

Bernstein, T B Oral ragweed pollen therapy , 
clinical results of experiments on gastro- 
intestinal absorption, 297 
Betaine hydrochloride, enlargement of liver In 
diabetic children , effect of raw pancreas 
betaine hydrochloride and protamine in- 
sulin, 751 

Bile, excretion of bile pigment and hepatic 
function In diseases of blood, 222 
Bilirubin See also Bile , Liver 
removal of intravenously injected bromsul- 
phaleln from blood stream of dog , compar- 
ison of removal of intravenously injected 
bilirubin and that of bromsulphalein, 216 
Bismuth and Bismuth Compounds See also 
Syphilis 

bismuth dermatitis, 1061 
excretion of, 1058 

Bladder, treatment of ‘‘tabetic bladder," 1077 
Blood, change in plasma volume during recovery 
from congestive heart failure, 151 
cholesterol, relation to vascular diseases, 484 
Circulation See also Arteries , Capillaries , 
Cardiovascular Diseases , Heart , Plethys- 
mography, Vasomotor System, etc 
circulation , action of digitalis in compensated 
heart disease 547 

circulation , action of digitalis in uncompen- 
sated heart disease, 509 
circulation, angiospastic disturbances, 506 
circulation during pregnancy, 979 
collateral circulation, 490 
excretion of bile pigment and hepatic function 
In diseases of blood, 222 
‘‘guanidine” in arterial hypertension, review 
of 800 cases, 940 
in thromboangiitis obliterans 413 
pressure, high , blood ‘‘guanidine" In arterial 
hypertension, review of 800 cases, 946 
pressure high , diffuse arterial disease with 
hypertension 2 unusual cases of contrast- 
ing types 161 

pressure high , prlmarv vascular hvpcrten- 
slon, 514 
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pressure, high , relation of renal pressor sub- 
stance to hjpertenslon of hydronephrotic 
rats 805 

pressure, high , unusual reactions of patients 
with hypertension to glyceryl trinitrate 9T 
pressure, relation of ago to renal pressor sub- 
stance, 799 

sugar protamine sine Insulin , clinical obser- 
vations and comparative anal j sis of blood 
sugar curves obtained with use of prota- 
mine zinc Insulin and nlth regular Insulin, 
447 

transfusion sjphilis, 10G6 
vessels , plethysmogriphlc studies, 484 
Bloomberg, E Hyperparathyroidism due to 
Idiopathic hypertrophy (hyperplasia?) of 
parathyroid tissue, follow-up report of 6 
cases, 199 

Boeck’s Sarcoid See Sarcoid 
Bogan I K Enlargement of liver In diabetic 
children , effect of raw pancreas, betaine 
hydrochloride and protamine Insulin 751 
Enlargement of liver In diabetic children. Its 
Incidence, etiology and nature, 740 
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Bones, marrow, culture of, comp iratlvc study 
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Allgemeine Elektrodlographle , E Koch 54C 
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Plata, Volume I, 1092 
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Boerner 901 
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Fremont-Smith 354 

Clinical and Eaperlmcntal Investigations in 
Agranulocytosis, P Plum, 900 
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Chez ITiomme , H lessen 1090 
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Martin, 719 
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Schwarz, J Goldberger and C Crocker 
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Fundamentals of Electrocardiographic Inter- 
pretation , J B Carter 1090 
Gastroscopy , R Schindler, 542 
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Hepatites , M Loeper, 540 
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Dcham, 722 
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vlrknlng og standardlserlngen af det antl- 
haemorrh iglsko V Itamln K F Sch0nheyder, 
1094 
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ungskanal , W Catcl, 722 
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K Drinker, 543 

Physical Diagnosis, D C Sutton, 515 
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A^annottl, 719 

Postmortem Examination , S Farber, 545 
Practical Proctology , L A Buie 354 
Practical Talks on Kidney Disease , E M clss, 
314 

Primer for Diabetic Patients , R JI AVllder, 
333 
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T Coste 541 
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ischc Studien uber den tuberkuloscii Prl- 
markomplcx, J Frlmann-Dahl and G 
AVaaler, ISO 

Sero-Diagnostic Studies of Jlalignant Tumors 
Experiments in Complement Fixation by 
Means of Lipoid Extracts , A Zacho ISO 
Sex Life in Mairlage, 0 AI Butterfield, 1090 
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lechnic of Local Anesthesia, A R Hcrtzler, 
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Thyroid and Its Diseases, J H Aleans 179 
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A'ltamine und Hire Ivllnische Anwendung, W 
Stepp, 1 Kulinau and H Schroeder 179 
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Bowerman, E P Circulation during preg- 
nancy, 979 

Brain See also Nervous System, Thalamus, 
etc 

blood supply, regulation of, 888 
cerebral circulation, 883 

cerebral disturbances accompanying erythema 
of ninth day, 1060 
hemorrhage , apoplexy, 886 
inrolvement of olfactory system In neuro- 
syphilis, 1072 

Bright's Disease See Nephritis 
Bromsulphalein, removal of intravenously in- 
jected bromsulphalein from blood stream of 
dog , comparison of removal of intraven- 
ously Injected bilirubin and that of brom- 
sulpbalem, 216 

Brown, CFG Chemical factors concerned 
in formation of gallstones, 618 
BrouTilee, I E Culture of human marrors , 
comparative study of effects of sulfanil- 
amide and antipneumococcus serum on 
course of experimental pneumococcic infec- 
tions, 181 

Burwell, C S Circulation during pregnancj, 
979 
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System 
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Carbohjdrates, study of deranged carbohydrate 
metabolism in chronic Infectious hepatitis 
765 
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syphilis, 1068 
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velopment of 1070 
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Chemotherapy See under Syphilis 
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Choriomeningitis See Meningitis 
Clifford, M H Gastroenterology , review of 
literature from January 1937 to June 1938, 
052 

Cobb S Review of neuropsychiatry for 1938, 
882 

Coccidioides , coccidioidal granuloma, 347 
infection (coccidioidomycosis) , primary type 
of infection, 853 

Colon See also Gastrointestinal Tract , Intes- 
tines 

review of literature, 703 
Communicable Diseases See also Bleaslcs , 
Meningitis Syphiiis , etc 
infectious diseases, review of current liter- 
ature 305 

sulfanilamide in, 317 

Conn, J W Study of deranged carbohydrate 
metabolism in chronic infectious hepatitis, 
765 

Convulsions, syncope, and migraine, 892 
Corlette, M B Circulation during pregnancy, 
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Cowgill, G R Influence of diarrhea on vita- 
min Bi requirement, 137 
Crane, N P Action of digitalis in compen- 
sated heart disease, 547 
Action of digitalis in uncompensated heart 
disease, 569 
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Cystlcercus, cysticercosis and syphilis, 1089 
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DeitricK J U Action of digitalis in compen- 
sated heart disease 547 
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de Takats, G Vascular diseases, revievv of 
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view of surgical treatment, 482 
Diabetes Insipidus as sign of metastatic involve- 
ment of supraopticohypophysial system, 604 
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diabetogenic hormone, 165 
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ride and protamine Insulin, 751 
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insulin resistance, report of case of marked 
insensitiveness of long duration vvltliout 
demonstrable cause, 432 
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epidemic, of newborn, 347 
influence on vitamin Bt requirement, 137 
Dickson, E C Coccidioides Infection (coccidi- 
oidomycosis) , primary type of infection, 853 
Digestive Tract See Gastrointestinal Tract, 
Intestines , Stomach , etc 
Digitalis, action in compensated heart disease, 
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action in uncompensated heart disease, 569 
Diphtheria, review of literature, 346 
Dolkart, R E Chemical factors concerned in 
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Dragstedt, C A Removal of intravenously in- 
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ously injected bilirubin and that of brom- 
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dysentenae , agglutination reaction in 
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Endocarditis, experimental streptococcic, 247 
pneumococcic, 388 
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boangiitis obliterans , etc 
blood supply , capillaries, 488 
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Oaillard, MSB Specificity of agglutinin 
reaction for Shigella djsenterlae, aggluti- 
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